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Abstract 

 

Emotional suffering in old age is largely caused by a variety of psychiatric 
disorders which are often, however, undertreated and underrecognized. This 
leads to reduced quality of life and functional status and increased morbidity 
and mortality.  

Dementia, delirium and depression are common disorders in the very old, and 
are similar in several ways. All have multiple causes and are diagnosed by 
means of symptomatic criteria, are challenging to diagnose and difficult to 
differentiate from each other in the very old. They often coexist in the same 
individual, and may have common risk factors.  

The overall aim of this thesis was to add to our knowledge about threats to 
successful aging, by investigating the prevalences of dementia, depression and 
delirium, and factors associated with these three disorders. Further aims were 
to measure change over time in the prevalence of dementia and depression, 
respectively, and to investigate the risk factors for incident depression.  

This thesis uses the population-based Umeå85+/GErontological Regional 
DAtabase (GERDA) material. In 2000-2002, every other 85-year-old, all 90-
year-olds and all people ≥95 years living in six municipalities in Västerbotten, 
Sweden were invited to participate, and in 2005-2007 the process was repeated, 
with the additional inclusion of the corresponding populations of two 
municipalities in Österbotten, Finland. A third data collection was carried out in 
2010-2012. Trained assessors carried out assessments in the form of structured 
interviews during one or more home visits, recorded current medication and 
reviewed medical records obtained from general practitioners and hospitals.  

In 2000-2002 the prevalence of dementia was 17% among 85-year-olds, 24% 
among 90-year-olds and 46% among those aged ≥95 years. In 2005-2007 
dementia prevalence reached 28% among 85-year-olds, 40% among 90-year-
olds and 45% among those aged ≥95 years. The prevalence of dementia in the 
total sample was 27% in 2000-2002 and 37% in 2005-2007 (p=0.001). 

In 2000-2002 the prevalence of depressive disorders was 24% among 85-year-
olds, 34% among 90-year-olds and 31% among those aged ≥95 years. In 2005-
2007 the prevalence of depressive disorders was 33% among 85-year-olds, 39% 
among 90-year-olds and 38% among those aged ≥95 years. The prevalence od 
depressive disorders in the total sample was 29% in 2000-2002 and 37% in 



 

 

2005-2007 (p=0.025). Among participants not depressed at baseline, 26% had 
developed depression after five years. Factors independently associated with 
new cases of depression at follow-up were hypertension, a history of stroke and 
a higher score on the 15-item Geriatric Depression Scale at baseline. The thirty-
day prevalence of delirium in 2005-2007 was 17% among 85-year-olds, 21% 
among 90-year-olds and 39% among participants aged ≥95 years. Delirium 
prevalence among individuals with dementia was higher than among those 
without dementia (52% vs. 5%, p<.001). Factors independently associated with 
delirium superimposed on dementia in a multivariate logistic regression model 
were depression, heart failure, living in an institution and prescribed 
antipsychotics.  

There was a high prevalence of dementia, depression and delirium in the papers 
comprising this thesis, and 55% had at least one of the three disorders. The 
prevalence of dementia and depression also increased between 2000-2002 and 
2005-2007, after controlling for age and sex. Dementia and depression were 
important associated factors for delirium and half of those with dementia were 
depressed. The increasing age-specific prevalence of depression seems to be 
associated with the increasing age-specific prevalence of dementia.  

The papers presented are among the first to report a significantly increasing 
age-specific prevalence of dementia and depression among very old people. 
More knowledge about associated factors and risk factors concerning these 
disorders may be helpful for carers and decision-makers, as well as providing 
reference values for studies in other regions. Further efforts are needed in both 
care and research to better prevent, screen for, diagnose and treat dementia, 
depression and delirium, especially considering the growing number of very old 
people. 
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Notes for this thesis 

 
Tables, figures and boxes are numbered x-y where x refers to the paper they 
belong to and y their number in this paper. If x=0 the table, figure or box 
belongs to the introduction.  
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Svensk sammanfattning  

(Summary in Swedish) 

 

I takt med att antalet och andelen mycket gamla personer ökar i Sverige, 
kommer också sjukdomar som är vanliga i dessa åldersgrupper öka. Då det över 
tid kan förekomma förändringar bland faktorer kopplade till sådana sjukdomar 
kan det även vara så att den åldersspecifika förekomsten av sjukdomar vanliga 
bland mycket gamla personer förändras.  

Demens, depression och delirium är vanliga psykiska störningar hos mycket 
gamla personer, och ger ofta kraftig försämring av funktionsförmåga och 
livskvalitet. De tre förekommer ofta tillsammans, och kan ha gemensamma 
riskfaktorer.  

Forskning på demens, depression och delirium är sparsamt utförd bland mycket 
gamla människor, vilket leder till att det finns begränsat med kunskap om 
tillstånden i dessa åldersgrupper. Många studier är också gjorda på speciella 
populationer såsom personer på äldreboenden eller sjukhus.  

Syftet för denna avhandling var att studera förekomsterna av demens, 
depression och delirium samt associerade faktorer för dessa tre tillstånd. För 
demens och depression var även målet att undersöka om den åldersspecifika 
förekomsten av dessa två tillstånd ökade eller minskade över tid.  Ytterligare ett 
mål var att undersöka riskfaktorer för att utveckla depression i mycket hög 
ålder.  

Denna avhandling baseras på Umeå85+/GERDA (GERontologisk Regional 
Databas) – materialet, en befolkningsbaserad databas från Botniaregionen. 
Under 2000-2002 bjöds varannan 85-åring, alla 90-åringar och alla personer 
95 år och äldre boende i Umeå, Storuman, Malå, Sorsele, Vilhelmina och 
Dorotea in att delta, varefter strukturerade datainsamlingar gjordes i 
deltagarnas hem, kompletterat med uppgifter från anhöriga, vårdpersonal och 
sjukvårdsjournaler. Under 2005-2007 och 2010-2012 upprepades processen, 
dessa gånger med ytterligare inklusion av 2 kommuner i Österbotten, Finland 
(Vasa och Korsholm).  

Under 2000-2002 var förekomsten av demens (alla former) 17 % bland 85-
åringar, 24 % bland 90-åringar och 46 % bland ≥95-åringar. Under 2005-2007 
var förekomsten 28 % bland 85-åringar, 40 % bland 90-åringar och 45 % bland 



 

 

≥95-åringar.  I hela den undersökta befolkningen ökade förekomsten av demens 
från 27 % till 37 % (p=0,001). 

Under 2000-2002 var förekomsten av depression 24 % bland 85-åringar, 34 % 
bland 90-åringar och 31 % bland ≥95-åringar. Under 2005-2007 var 
förekomsten 33 % bland 85-åringar, 39 % bland 90-åringar och 38 % bland 
≥95-åringar. I hela den undersökta befolkningen ökade förekomsten av 
depression från 29 % till 37 % (p=0,025). Över fem år utvecklade en fjärdedel av 
deltagarna depressioner. Faktorer kopplade till att ha utvecklat depression efter 
fem år var hypertoni, tidigare stroke och poäng på Geriatric Depression Scale 
(GDS-15) vid den första undersökningen.  

En fjärdedel av deltagarna hade delirium eller hade haft delirium under de 
närmast föregående trettio dagarna, med signifikant högre förekomster hos 
deltagare med demenssjukdom. Hos de med delirium men utan demens hade 
merparten depressioner. Oberoende faktorer kopplade till att ha delirium bland 
personer med demenssjukdom var depression, hjärtsvikt, boende på sjukhem 
eller äldreboende och behandling med antipsykotiska läkemedel (neuroleptika).  

Över hälften av deltagarna hade minst en av de tre sjukdomarna. Demens och 
depression samförekom i hög utsträckning med varandra och delirium 
återfanns nästan uteslutande hos personer med åtminstone en av de två andra 
diagnoserna. 

Fynden från denna avhandling antyder att den åldersspecifika förekomsten av 
demens och depression ökar bland mycket gamla. Att mäta förekomster av 
dessa sjukdomar samt undersöka kopplade faktorer och riskfaktorer för dessa 
sjukdomar bidrar med jämförelsedata för andra liknande studier, kan hjälpa till 
att lägga grund för ytterligare kohortstudier samt interventionsstudier där man 
provar att behandla associerade faktorer. Fynden kan även vara av vikt vid 
planering för framtida vårdinsatser. Då det verkar som att befolkningsökningen 
bland mycket gamla personer, både i absoluta och relativa tal kommer att fortgå 
blir dessa kunskaper än viktigare. 
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Introduction 

 

Demographics 

During the early part of the new millennium countries worldwide will have to 
cope with a substantial aging among their populations, a process expected to 
continue in the future (1). As a result of falling fertility and increasing life 
expectancy, the proportion of older to younger age groups will increase. In 
absolute numbers, the global population aged ≥80 years is projected to increase 
by 270% between 2011 and 2050 (2). The growth rate will be even higher in 
older age groups. The term very old has several different definitions in terms of 
years, but in this thesis it will be used mainly to refer to those aged ≥85 years. 

Sweden has seen declining rates and better outcomes for infectious diseases 
since the end of the 18th century. Since around 1940, there has also been 
declining mortality from chronic disease (3), more recently accompanied by a 
reduced incidence of and increased survival after coronary events such as 
myocardial infarction (4).  

The effects of these developments are not certain. One theory is that as the 
impact of fatal disease is reduced, more people will live close to the maximum 
life span physiologically possible for humans. Further advances in healthcare 
combined with improved living standards will compress the period lived with 
disease and disability to the final years of life because of later disease onset. This 
idea of compression of morbidity and disability was introduced in 1980 (5). 

Others argue that despite increase in life expectancy, disease incidence rates will 
not decrease, resulting in higher disease prevalence rates and disability levels in 
the population (6). For example, between 1947 and 1957, the Lundby study 
found a doubling of dementia prevalence among individuals aged >60 years. An 
increasing survival among those with dementia was also found in 1957 
compared to 1947. As this coincides with the advent of antibiotics, it may have 
been due to a lower mortality from infections (6). More recent research has also 
found an increased proportion of very old people surviving with chronic disease 
(7), as well as increased survival after ischemic heart disease (4) and stroke (8).   

Ultimately, because of the increasing number of very old people, any disease or 
disorder common among the very old will increase in total health impact, unless 
prevention and treatment advances even more rapidly.  
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This thesis is on the subject of dementia, depression and delirium; three 
common psychiatric disorders with negative effects on quality of life and ability 
levels. They are often diagnosed on symptomatic criteria, and may be difficult to 
differentiate in a clinical situation. All criteria for dementia, depressive 
disorders and delirium presented are adapted from the Diagnostic and 
Statistical Manual of psychiatric disorders, fourth edition (DSM-IV) (9), and are 
presented in Boxes 0-6.  

 

Dementia 

Dementia, from the Latin word demens (de- (without) and mens (mind)), 
meaning madness, denotes a group of disorders, all of which are the final 
consequence of an even larger number of mechanisms of brain injury, including 
different types of neurodegeneration and vascular lesions.  The common 
denominator is the development of chronic and progressive multiple cognitive 
deficits, always including memory impairment. Of the existing subtypes, 
Alzheimer’s dementia is regarded as the most common followed by vascular 
dementia (10). Other less common types include Lewy body dementia, frontal 
lobe dementia and dementia due to Parkinson’s disease or alcohol. 

Reported risk factors for dementia are old age, female gender (11), hypertension 
(12) and stroke (13). Mean blood pressure (14) and stroke mortality (8) have 
declined over time in Sweden, possibly affecting dementia incidence and 
prevalence. 

 Disease burden is a measure of the impact a disease makes in the form of 
disability or premature death. In high-income countries such as Sweden, 
dementia is reported as the fourth largest cause of burden of disease, surpassed 
only by ischemic heart disease, cerebrovascular disease and depressive 
disorders (15). On an individual level, dementia is associated with a significantly 
increased mortality (16) reduced quality of life and impaired activities of daily 
living (ADL) functionality (17). 
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Epidemiology 

In 2010 the number of worldwide cases of dementia was estimated to be 
approximately 35.6 million people, a figure expected to double every 20 years 
(18). Table 0-1 shows prevalence studies with age groups matching those in 
Paper 1. A few studies have also investigated age-specific variation of dementia 
rates over time (23-26). These studies will be presented in the discussion.  

 

Pathophysiology 

Dementia is a cognitive disorder chiefly affecting memory and constitutes the 
final result of various mechanisms of injury to the brain. In vascular dementia 
the mechanism is cerebrovascular insults while in in the case of Alzheimer’s 
disease the mechanism is unknown but accompanied by deposition of 
neurofibrillary tangles and amyloid plaques and neuronal death. Despite being 
separate entities in diagnostic manuals such as the DSM-IV, those with 
dementia aged ≥85 years are unlikely to have Alzheimer’s dementia or vascular 
dementia in their pure forms (27). Instead, this patient category on autopsy 
often has lesions typical of both diseases.  

 

Signs and symptoms   

Dementia, in addition to impaired memory, presents with aphasia, apraxia, 
agnosia or disturbances in executive functioning in any combination, and the 
deficits are serious enough to affect occupation or social function. A higher level 
of functioning must have been present before dementia onset to warrant the 
diagnosis (28). Boxes 1 and 2 present the DSM-IV criteria for Alzheimer’s 
dementia and vascular dementia. 

The memory impairment is either forgetting material that was already learned 
or difficulty in forming new memories. Recognition of close friends and relatives 
or orientation in familiar environments may become impaired in advanced 
dementia. Sleep disturbance, suspicion of others, delusions, anxiousness, 
hallucinations (primarily visual), mood disturbances, aggressive behaviour, 
slurred speech, aphasia or unnecessary repetition of words and phrases as well 
as motor or gait disturbances leading to falls are often present (28).   
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Box 1. DSM-IV Diagnostic criteria for 
Dementia of the Alzheimer’s type 

 

A. the development of multiple cognitive 
deficits manifested by both 

(1) memory impairment  

(2) one or more of the following cognitive 
disturbances:  

(a) aphasia 

(b) apraxia 

(c) agnosia  

(d) disturbance in executive functioning 

B. The cognitive deficits in Criteria A1 and A2 
each cause significant impairment in social or 
occupational functioning and represent a 
significant decline from a previous level of 
functioning.  

C. The course is characterized by gradual 
onset and continuing cognitive decline.  

D. The cognitive deficits in Criteria A1 and A2 
are not due to any of the following:  

(1) other central nervous system conditions 
that cause progressive deficits in memory and 
condition  

(2) systemic conditions that are known to 
cause dementia 

(3) substance-induced conditions 

E. The disturbances do not occur exclusively 
during the course of a delirium  

F. The disturbance is not better accounted for 
by another axis 1 disorder 

Box 2. DSM-IV Diagnostic criteria for 
Vascular Dementia  

 

A. the development of multiple cognitive 
deficits manifested by both 

(1) memory impairment  

(2) one or more of the following cognitive 
disturbances:  

(a) aphasia 

(b) apraxia 

(c) agnosia  

(d) disturbance in executive functioning 

B. The cognitive deficits in Criteria A1 and A2 
each cause significant impairment in social or 
occupational functioning and represent a 
significant decline from a previous level of 
functioning.  

C. Focal neurological signs and symptoms or 
laboratory evidence indicative of 
cerebrovascular disease that are judged to be 
etiologically related to the disturbance. 

D. The cognitive deficits in Criteria A1 and A2 
are not due to any of the following:  

(1) other central nervous system conditions 
that cause progressive deficits in memory and 
condition  

(2) systemic conditions that are known to 
cause dementia 

(3) substance-induced conditions 

E. The disturbances do not occur exclusively 
during the course of a delirium  

F. The disturbance is not better accounted for 
by another axis 1 disorder 
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Prevention and treatment 

Although the disorder is irreversible, both pharmacological (29) and 
nonpharmacological (30) treatments may improve function and wellbeing. 
Management goals depend on disorder severity, and choice of treatment 
depends on the symptoms and functional limitations of the patient. For 
example, physical exercise has been shown to improve depressive symptoms, 
physical function and quality of life in old people with dementia (31), and 
cognitive function may be improved with cholinesterase inhibitors (32), 
sometimes with addition of a NMDA receptor antagonist, i.e. Memantine (33). 
Pharmacological treatment should be continuously evaluated (34). Early 
dementia treatment should focus on improving or stabilizing cognitive ability 
and mood, maintaining or re-establishing independence and promoting 
autonomy, as well as educating and supporting carers (35). As the disorder 
progresses, there should be more focus on facilitating mental and physical 
stimulation, managing behavioural disturbances, and providing practical care 
for patients and respite for non-professional carers.  

 

Depressive Disorders 

Depressive disorders are not simply passing blue moods, but are characterized 
by persistent and all-pervasive sadness, lack of interest and pleasure in 
activities. As with dementia and delirium, the cause is probably multifactorial, 
with both psychosocial and physiological components.  

The condition “melancholia” was described by Hippocrates as a condition of 
“aversion to food, despondency, sleeplessness, irritability and restlessness”. 
Over the centuries several other synonyms for or disorders related to depression 
have been described, such as acedia, tristitia and ennui (36).  

Depression is the third leading cause of disease burden worldwide, the largest 
cause of disease burden in middle- and high-income countries and is expected 
to be the most important global cause of disease burden in 2030 (15). While 
there is a general lack of studies depression in the very old is reported as 
underdiagnosed (37), showing low rates of remission (38) poor response (39) or 
poor long-term response to treatment (40). It is also disabling, (40) reduces 
quality of life and increases mortality (41, 42).  

Since depression in late life has been associated with cerebrovascular risk 
factors such as hypertension (43) and stroke (44) and the prevalence of and 
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survival after these may have changed over time, depression prevalence may 
also change over time. Given the momentous impact depression has on society 
and healthcare, information about such a prevalence change over time would be 
useful. 

 

Epidemiology 

In psychiatric research in general, the very old are underrepresented (40) and 
the study of depression is no exception, with few prevalence studies existing. 
Table 0-2 shows studies with at least one age group matching the age groups in 
Paper 2. Depression incidence has been reported to be higher in the very old 
than in the younger old (45, 46). 

Reported nursing and residential home depression rates range from 19.9% to 
40% (47, 48).  

Conflicting results have been reported regarding change over time in depression 
prevalence and incidence (49-51). This will be treated further in the discussion. 

 

Pathogenesis 

The cause of major depression is probably heterogeneous- it is not certain that 
there is a single pathway to the disorder (56). Genetic, neurochemical and 
psychosocial factors may interact. Depression, like dementia, may be considered 
a chain of effects with an uncertain starting point, with psychosocial factors, 
neurochemistry and other factors all influencing each other. For example, the 
monoamine deficiency in depression targeted by antidepressant medication 
may be a downstream effect of other neurochemical deficits (56).  

Reported factors associated with depression among the very old include ADL 
impairment, (57, 58) loneliness, (37) and preceding cognitive decline (59). 
Depression has been shown to be both highly prevalent after stroke and also 
associated with the presence of cerebrovascular risk factors (44). This, along 
with findings of silent cerebral infarctions (60) and white matter lesions in the 
depressed, has given rise to a vascular depression hypothesis, stating that 
vascular-based damage to the brain is a contributor to age-related depressive 
symptoms (61).  
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Signs and symptoms 

Since the very old represent a select group of individuals who have survived 
disease and other causes of death for a number of contributory reasons, such as 
heredity and lifestyle, factors associated with depression in this group may 
differ from younger age groups. The clinical expression of depression in the very 
old is also different from that in younger adults, with less sadness and more 
somatisation, apathy and sub-threshold depressive symptoms that do not meet 
the criteria for major depressive disorder (62-64). Boxes 3-7 present the 
diagnostic criteria for the different depressive disorders included in the 
depression “umbrella diagnosis” in this thesis.  

 

Prevention and treatment 

Accepted treatments among adults are pharmacotherapy with antidepressants 
and psychotherapy, with supportive measures such as light therapy in the case 
of seasonal affective disorder (65). Physical exercise reportedly also has some 
positive effect on depressive symptoms (66). For adults with severe depression 
electroconvulsive therapy in combination with antidepressants is regarded 
should be considered (67). In older populations and with increasing 
comorbidity, there is less evidence of the effect of both psychotherapy (68) and 
antidepressants (69). Further studies are also needed on the effect of 
electroconvulsive therapy in the elderly (70), although this therapy is often used 
in clinical practice with good anecdotal effect (71). There is inconclusive 
evidence of antidepressant effect in elderly nursing home residents (72), and 
when there is concomitant dementia effect is uncertain (73, 74). In the very old, 
there are too few high-quality studies of antidepressant response (75) or the 
effectiveness of psychotherapy (68) to give a recommendation on treatment 
(40), and while exercise seems to have an effect among community-dwelling 
elderly, there is limited knowledge of effect on the very old, and there seems to 
be no effect among people living in residential care facilities (76).  
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Box 3. DSM-IV Diagnostic criteria for major 
depressive disorder 

 

A. Five (or more) of the following symptoms have 
been present during the same two-week period and 
represent a change from previous functioning; at 
least one of the first two symptoms is present.  

1. Depressed mood most of the day, nearly every 
day, as indicated by either subjective report or 
observation made by others. 

2. Markedly diminished interest or pleasure in all, or 
almost all, activities most of the day, nearly every 
day.  

3. Significant weight loss when not dieting or weight 
gain, or decrease or increase in appetite nearly 
every day. 

4. Insomnia or hypersomnia nearly every day. 

5. Psychomotor agitation or retardation nearly every 
day.  

6. Fatigue or loss of energy nearly every day. 

7. Feelings of worthlessness or excessive or 
inappropriate guilt nearly every day.  

8. Diminished ability to think or concentrate, or 
indecisiveness, nearly every day.  

9. Recurrent thoughts of death, recurrent suicidal 
ideation, or a suicide attempt or a specific plan for 
committing suicide.  

B. The symptoms do not meet the criteria for a 
mixed episode. 

C. The symptoms cause clinically significant distress 
or impairment in social, occupational or other 
important areas of functioning. 

D. The symptoms are not due to the direct 
physiological effects of a substance or a general 
medical condition. 

E. The symptoms are not better accounted for by 
bereavement.  

 

Box 4. DSM-IV Diagnostic criteria for minor 
depressive disorder 

 

 

A. Two to four of the following symptoms have been 
present during the same two-week period and 
represent a change from previous functioning; at 
least one of the first two symptoms is present.   

1. Depressed mood most of the day, nearly every 
day, as indicated by either subjective report or 
observation made by others. 

2. Markedly diminished interest or pleasure in all, or 
almost all, activities most of the day, nearly every 
day.  

3. Significant weight loss when not dieting or weight 
gain, or decrease or increase in appetite nearly 
every day. 

4. Insomnia or hypersomnia nearly every day. 

5. Psychomotor agitation or retardation nearly every 
day.  

6. Fatigue or loss of energy nearly every day. 

7. Feelings of worthlessness or excessive or 
inappropriate guilt nearly every day.  

8. Diminished ability to think or concentrate, or 
indecisiveness, nearly every day.  

9. Recurrent thoughts of death, recurrent suicidal 
ideation, or a suicide attempt or a specific plan for 
committing suicide.  

B. There has never been a major depressive 
episode and criteria are not met for dysthymic 
disorder. 

C. The symptoms cause clinically significant distress 
or impairment in social, occupational or other 
important areas of functioning. 

D. The symptoms are not due to the direct 
physiological effects of a substance or a general 
medical condition. 

E. The symptoms are not better accounted for by 
bereavement. 

F. There has never been a mixed, manic or 
hypomanic episode and criteria are not met for 
cyclothymic disorder 

E. The mood disturbance does not occur exclusively 
during schizophrenia, schizophreniform disorder, 
delusional disorder or psychotic disorder not 
otherwise specified. 
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Box 5. DSM-IV Diagnostic criteria for mood 
disorder due to general medical condition  

 

A. A prominent and persistent disturbance in mood 
predominates in the clinical picture and is 
characterized by either or both of the following:  

(1) Depressed mood or markedly diminished interest 
or pleasure in all, or almost all activities 

(2) Elevated, expansive, or irritable mood 

B. The symptoms do not meet the criteria for a 
mixed episode. 

C. The disturbance is not better accounted for by 
another mental disorder  

D. The disturbance does not occur exclusively during 
the course of a delirium.  

E. The symptoms cause clinically significant distress 
or impairment in social, occupational, or other 
important areas of functioning.  

 Box 6. DSM-IV Diagnostic criteria for dysthymic 
disorder 

 

A. Depressed mood, for most of the day, for more 
days than not, as indicated either by subjective 
account or observation by others, for at least two 
years. 

B. Presence, while depressed, of two or more of the 
following:  

(1) poor appetite or overeating 

(2) insomnia or hypersomnia 

(3) low energy or fatigue 

(4) low self-esteem 

(5) poor concentration or difficulty making decisions 

(6) feelings of hopelessness 

C. During the two-year period of the disturbance, the 
person has never been without the symptoms in 
criteria A and B for more than two months at a time.   

D. No major depressive episode has been present 
during the first two years of the disturbance. 

E. There has never been a Manic Episode, a Mixed 
Episode, or a hypomanic episode, and criteria have 
never been met for cyclothymic disorder.   

F. The disturbance does not occur exclusively during 
the course of a chronic Psychotic Disorder, such as 
Schizophrenia or Delusional Disorder. 

G. The symptoms are not due to the direct 
physiological effects of a substance or a general 
medical condition 

H. The symptoms cause clinically significant distress 
or impairment in social, occupational, or other 
important areas of functioning. 
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 Box 7. DSM-IV Diagnostic criteria for Substance-
Induced Mood Disorder 

 

A. A prominent and persistent disturbance in mood 
predominates in the clinical picture and is 
characterized by either (or both) of the following: 

(1) depressed mood or markedly diminished interest 
or pleasure in all, or almost all, activities 

(2) elevated, expansive or irritable mood 

B. There is evidence from the history, physical 
examination, or laboratory findings of either (1) or 
(2): 

(1) The symptoms in Criterion A developed during, 
or within a month of, Substance Intoxication or 
Withdrawal 

(2) medication use is etiologically related to the 
disturbance 

C. The disturbance is not better accounted for by a 
Mood Disorder that is not substance induced. 
Evidence that the symptoms are better accounted for 
by a Mood Disorder that is not substance induced 
might include the following: the symptoms precede 
the onset of the substance use (or medication use); 
the symptoms persist for a substantial period of time 
(e.g., about a month) after the cessation of acute 
withdrawal or severe intoxication or are substantially 
in excess of what would be expected given the type 
or amount of the substance used or the duration of 
use; or there is other evidence that suggests the 
existence of an independent non-substance-induced 
Mood Disorder 

D. The disturbance does not occur exclusively during 
the course of a delirium.  

E. The symptoms cause clinically significant distress 
or impairment in social, occupational, or other 
important areas of functioning. 
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Delirium 

Delirium is a disorder characterized by an acute impairment of attention and 
cognition, and a fluctuating course. It is by definition caused by one or more 
precipitating insults, such as infection or intoxication. Because reliable 
biomarkers are lacking, diagnosis is primarily clinical.  

 

Background 

“Phrenitis” was an acute disorder, usually associated with fever, featuring 
cognitive and behavioural disturbances as well as disruption of sleep. The 
opposite condition was “lethargus” with symptoms such as sleepiness, 
listlessness, inertia, memory loss and dulling of the senses (77). These two states 
were described by Hippocrates in 500 B.C. and correspond well to the 
hyperactive and hypoactive forms of delirium described below. Celsus used the 
term delirium in the first century as a synonym for Phrenitis. The disorder has 
more recently had several synonyms, such as acute confusional state, toxic 
encephalopathy, toxic confusion and acute organic brain syndrome (78). 

 

Epidemiology 

Table 0-3 shows population-based studies or studies including participants with 
and without dementia. Few studies have been made on a population-based 
sample containing very old people with and/or without dementia living 
independently and in institutions. 

Delirium prevalence in general hospital settings is reported as being 14-53% 
(83, 84) and postoperative delirium prevalence as 24-44% (85, 86) among 
elderly patients. Institutional prevalence has been reported as 47% (87).  
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Pathogenesis 

Delirium, or acute brain failure, occurs as a result of predisposing factors and 
precipitating factors exceeding the cognitive reserve capabilities in the 
individual. Although the definitive pathogenesis of delirium remains unclear, 
several mechanisms have been proposed, including neurotransmitter 
imbalance, more specifically dopamine excess and acetylcholine deficiency, 
dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis (88) and 
disturbance of the sleep-wake cycle, reduced cerebral blood flow and 
metabolism or the effects of increased cytokine production on cerebral function, 
i.e. inflammation (89). Two or more of these pathways may interact, especially 
considering that several subtypes of delirium have been described. 

Predisposing factors for delirium include increasing age, history of ischemic 
strokes, cognitive impairment, dementia and depressive disorders while 
precipitating factors for delirium include surgical procedures, infections, 
trauma and drugs (90-93). However, associations in a population-based sample 
of very old people with dementia have not been extensively studied.  

 

Signs and symptoms 

Delirium is characterized by the presence of disturbances of awareness and 
attention, alongside with other neuropsychiatric symptoms. Onset is acute or 
subacute and the course is fluctuating (80).  Box 8 presents the DSM-IV criteria 
for delirium.  
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Box 8. DSM-IV Diagnostic criteria for 
Delirium 

 

A. Disturbance of consciousness with reduced 
ability to focus, sustain or shift attention.  

B. A change in cognition or the development 
of a perceptual disturbance that is not better 
accounted for by a pre-existing, established or 
evolving dementia. 

C. The disturbance develops over a short 
period of time (usually hours to days) and 
tends to fluctuate over the course of the day. 

AND EITHER: 

D. There is evidence from the history, physical 
examination, or laboratory findings that the 
disturbance is caused by the direct 
physiological consequences of a general 
medical condition 

OR:  

D. There is evidence from the history, physical 
examination, or laboratory findings of either 
(1) or (2): 

(1) the symptoms in criteria A and B 
developed during Substance Intoxication 

(2) medication use is etiologically related to 
the disturbance 

OR:  

D: There is evidence from the history, physical 
examination, or laboratory findings that the 
symptoms in Criteria A and B developed, 
during, or shortly after, a withdrawal 
syndrome.  

OR: 

D: There is evidence from the history, physical 
examination, or laboratory findings that the 
delirium has more than one etiology. 
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Hyperactive and hypoactive delirium 

Zbigniew Lipowski classified delirium into hyperactive, hypoactive or mixed 
subtypes. Hyperactive delirium is characterized by restlessness, agitation and 
hyperalertness, and hypoactive delirium by lethargy, drowsiness and 
psychomotor retardation (94). Mixed delirium combines symptoms from both.  

 

Emotional and psychotic delirium 

Delirium has also been subclassified into subtypes with primarily emotional or 
psychotic symptoms, or a mix of the two types (95). Emotional and psychotic 
deliria may require different medical interventions. While the hyperactive-
hypoactive subclassification is based on motoric activity level the emotional-
psychotic subclassification is based on the psychological symptoms experienced 
by the individual, allowing for different combinations of the two to exist, but 
this has not yet been studied.  

 

Prevention and treatment 

Some multi-approach interventions have been successful, with outcomes 
including reduced delirium incidence and severity, decreased injury rate and 
reduced length of hospital stay (96-99). When delirium is manifested, the 
identification and treatment of the precipitating cause or causes should be the 
first priority. When the precipitating factors have been treated it is important to 
create the best possible prerequisites for the brain to recover, through for 
example review of current medication. There is little evidence relating to the 
treatment of delirium symptoms with psychotropic drugs since few high-quality 
studies have been published (100). 
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Dementia, depression and delirium 

Dementia is common in very old age. Depression often co-occurs with both 
Alzheimer’s and vascular dementia (101, 102), but depression has also been 
reported as a risk factor for (103-105) or as a prodromal stage of (59, 106) 
dementia. Others have hypothesized dementia as a risk factor for depression 
(106, 107). Some of the depressions co-occurring with dementia are probably 
untreated or recurrent early-onset depressions, shown to be associated with loss 
of volume of the hippocampus (108), an important part of the brain for 
consolidating memories, which could be a link to dementia. Subcortical 
ischemic lesions are more common among those elderly with depression than 
among similarly aged individuals without depression (109), and these changes 
are also common in dementia. 

Both dementia (110) and depression (111) are associated with increased risk of 
delirium. Delirium might also be a risk factor for dementia in the very old (112).  

In clinical practice, the three disorders are often difficult to differentiate, and 
special attention should be given to onset, course and medical history. Table 0-4 
presents key clinical features for the three disorders. 
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Table 0-4. A comparison of the clinical features of delirium, dementia and depression.  

Clinical feature Dementia  Depression Delirium 

Onset Slow, over 
months/years 

Varies Acute 

Course Progressive 
deterioration, lifelong 

Variable, weeks to 
years  

Fluctuating, days 
to weeks 

Consciousness Clear except in 
severe cases 

Clear Altered 

Attention Initially normal Generally normal Impaired, 
fluctuates 

Orientation Normal or impaired Selective 
disorientation 

Generally impaired 

Memory Recent and remote 
impaired 

Selective impairment Recent and 
immediate 
impaired 

Thinking Difficulty with 
abstraction, thoughts 
impoverished 

Intact with themes of 
hopelessness and 
helplessness 

Disorganized, 
incoherent 

Perception Misperceptions 
usually absent 

Intact Impaired: illusions, 
hallucinations and 
delusions 

Psychomotor behaviour Generally normal Variable Variable: 
hypokinetic, 
hyperkinetic, 
mixed  

Assessment Struggles with 
assessment to find 
appropriate reply 

Generally lacks 
motivation, frequent 
“don’t know” answers 

Distracted from 
task, numerous 
errors 

Sleep May be disturbed, 
individual pattern  

Disturbed, early 
morning awakening or 
hypersomnia 

Disturbed but no 
set pattern 
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Rationale for this thesis 

In order to manage an aging population in the best possible way, it is important 
to add to our knowledge about the threats to successful aging. In the study of 
psychiatric disorders, very old people are a largely unexplored area of research. 
Population-based prevalence studies focusing on the very old are also rare. Thus 
there is a lack of research performed on a reciprocally associated group of 
disorders which have a great impact on health, quality of life and functionality 
in a part of the population which is growing rapidly. Dementia, depression and 
delirium are three disorders common among the very old that have serious 
consequences for the individual, and knowledge about prevalences and 
prevalence trends for these disorders would be of value in planning health care 
and services for the elderly, while knowledge of associated factors would be 
valuable in longitudinal and intervention studies. If the age-specific prevalences 
for these disorders were to change, it would have a multiplicative effect on the 
impact of these disorders. Further, dementia, depression and delirium may vary 
regarding risk factors, associated factors and prevalence both in different age 
groups but also in different parts of Sweden, and studies of the three disorders 
among the very old in Västerbotten are scarce, if not completely lacking. 
Contributing to an increase in the knowledge about associated factors and risk 
factors for these disorders may improve knowledge and awareness of them 
among carers and decision-makers, as well as provide reference values for 
studies in other regions, and material for further longitudinal and intervention 
studies. 
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Aims of this thesis 

The overall aim of this thesis was to investigate the prevalences of dementia, 
depression and delirium, and factors associated with these three disorders 
among the very old. Further, aims were to measure change over time in the 
prevalence of depression and dementia, and to investigate risk factors for 
developing depression among the very old. 

 

Specific aims 

Paper 1  

To evaluate whether the age-specific prevalence of dementia among the very old 
changed over time in two cross-sectional population-based samples five years 
apart. 

Paper 2 

To evaluate whether the age-specific prevalence of depression in a sample of 
very old people changed over time in two cross-sectional population-based 
samples five years apart, and investigate factors associated with any change in 
depression prevalence.  

Paper 3  

To investigate risk factors associated with the development of depression in very 
old age.  

Paper 4  

To measure the thirty-day prevalence of delirium in a population-based sample 
of very old individuals and to study factors associated with delirium in people 
with and without dementia.   
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Methods 

 

The Umeå85+/GErontological Regional DAtabase  

This thesis uses the population-based Umeå85+/GErontological Regional 
DAtabase (GERDA) material, a demographic cohort study of very old people 
started in 2000 (44, 113, 114). The purpose of the database is to investigate 
factors associated with successful aging and threats to successful aging in a 
representative sample of very old people in northern Sweden and Finland. The 
participants were interviewed and assessed in their homes, either in the 
community or in an institution. The Umeå 85+/GERDA material now 
encompasses over 2500 in-depth quantitative interviews and additional 
qualitative interviews. It also includes over 15000 postal surveys including all 
municipalities in Västerbotten and Österbotten collected since the beginning of 
the year 2000.  

 

Geography 

Six municipalities in Sweden (Umeå, Dorotea, Malå, Storuman, Vilhemina and 
Sorsele, Figure 0-1) and two in Finland (Vasa and Korsholm, Figure 0-2) were 
included in the GERDA database. The Swedish municipalities are located in the 
county of Västerbotten in the north of Sweden, and Vasa and Korsholm are 
located in Österbotten, the county closest to Västerbotten on the Finnish side of 
the Gulf of Bothnia. 
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Umeå 

The municipality of Umeå includes the largest city in the county and in 2011 had 
a population of 116 500, with a mean age of 38.3 years. The municipality is 
classed as an urban area (50.3 inhabitants/km2) (115). 

 

Dorotea, Malå, Storuman, Vilhelmina and Sorsele  

These are rural municipalities (0.4-2.0 inhabitants/km2) making up the 
northwestern part of Västerbotten county. The total population in 2011 was 21 
900, with a mean age of 45.7 years (115). 
  

	  

Figure 0-1. The county of Västerbotten. Shaded municipalities were included in 

Umeå85+/GERDA. Map adapted from Wikipedia Commons. 
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Korsholm and Vasa 

These Finnish municipalities are part of the county of Österbotten which is 
separated from Västerbotten by the Baltic Sea. Vasa is the central city of the 
county and the municipality had a total of 60 900 inhabitants in 2012 (180 
inhabitants/km2)(116, 117). Korsholm, a more rural municipality surrounding 
Vasa, had 19 000 inhabitants the same year (22 inhabitants/km2)(116, 117). 
Vasa has a mainly Finnish-speaking and Korsholm a mainly Swedish-speaking 
population.  

 

 

Figure 0-2. The county of Österbotten. Shaded municipalities were included 

in Umeå85+/GERDA. Map adapted from Arttu Pahrlati, areal data from 
www.stat.fi  
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Participants 

Data collections were made in Umeå in 2000-2001 (the first urban sample), 
2005-2006 (second urban sample) and 2010-2011 (third urban sample), in 
Dorotea, Malå, Storuman, Vilhelmina and Sorsele in 2002 (first rural sample), 
2007 (second rural sample) and 2012 (third rural sample) and in Vasa and 
Korsholm in 2005-2006 and 2010-2011.  The data collections included half of 
the 85-year-olds, all the 90- year-olds and all those aged ≥95 years living in the 
above designated areas. The names, addresses and civil registration numbers 
were collected from the National Tax Board in Sweden and the Finnish 
population register. The 85-year-olds were alternately assigned to participation 
or non-participation from a randomised starting point in the lists. No additional 
inclusion or exclusion criteria were set. Any survivors from an earlier data 
collection were included again in the subsequent data collection in the 
appropriate age group if they were still living in the catchment areas. The 
selection procedure and inclusion criteria were identical for all data collections.  

Papers 1 and 2 include the participants from Umeå assessed in 2000-2001 and 
2005-2006 and the participants from Dorotea, Malå, Storuman, Vilhelmina and 
Sorsele assessed in 2002 and 2007. Papers 1 and 2 are cross-sectional studies 
with two measuring points five years apart.  

Paper 3 includes the participants from Umeå assessed in 2000-2001 and 2005-
2006, previously assessed participants from Umeå who were assessed again in 
2010-2011, participants from Dorotea, Malå, Storuman, Vilhelmina and Sorsele 
assessed in 2002 and assessed participants from these areas previously assessed 
in 2007. Paper 3 is a longitudinal study. The very few individuals participating 
in all three Umeå cross-sections were excluded from the last cross-section, since 
they already had a baseline and follow-up assessment. 

Paper 4 includes the participants from Umeå assessed in 2005-2006, from 
Dorotea, Malå, Storuman, Vilhelmina and Sorsele assessed in 2007, and from 
Finland assessed in 2005-2006. Paper 4 is a cross-sectional study. 

Figure 0-3 shows the cohorts of the Umeå85+/GERDA study, with footnotes 
concerning which samples were used in which paper.  
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Contact and consent 

The eligible participants were contacted by letter where information about the 
study was given and again a few weeks later by telephone so that they could give 
their informed consent to participation. If they were living in institutions the 
caring staff was asked to evaluate the respondent’s cognitive capabilities and 
informed consent was then obtained either from the participant or, in the case 
of significant cognitive impairment, first from their next of kin and then the 
participant. In some cases, only partial consent was given; for example consent 
to access medical records and to interview caring staff and relatives.  

 

Non-participation analysis 

Paper 1 

Out of 527 people, 44 (8.3%) died before being asked to participate in 2000-
2002 and 47 out of 610 (7.7%) in 2005-2007 (p=0.690) (Figure 1-1). Fifty-two 
people (10.8%) declined to participate in 2000-2002 and 97 (17.2%) in 2005-
2007 (p=0.003). Sex did not differ significantly between the decliner groups. 
When decliners are compared to participants, a significantly lower proportion of 
the former were female in 2000-2002, but their mean age did not differ 

 

Figure 0-3. The Umeå85+/GERDA cohorts. 1= included in paper 1. 2= included in paper 2. 

3= included in paper 3. 4= included in paper 4.   
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significantly, while in 2005-2007, the mean age was significantly lower when 
compared to those who agreed to participate, but the proportion of females did 
not differ significantly.  

Among those who agreed to participate, 1 (0.3%) participant in the first urban 
sample and 1 (0.3%) in the later urban sample lacked sufficient data for a 
decision to be made whether or not the participant fulfilled the DSM-IV criteria 
for dementia. These individuals were excluded from the study. All persons in the 
rural sample had sufficient data for dementia assessment.  

Among those asked to participate, participation rate was 89.0% in 2000-2002 
and 82.6% in 2005-2007. 

 

Paper 2 

Out of 527 people 45 (8.5%) died before being approached in 2000-2002 and 47 
out of 610 (7.7%) in 2005-2007 (p=0.607) (Figure 2-1). Of the participants 
approached in 2000-2002, 63 (13.1%) persons declined to participate and of the 
participants approached in 2005-2007 97 persons declined to participate 
(17.2%) (p=0.061). In 2000-2002, a significantly lower proportion of decliners 
were female, but their mean age did not differ significantly when compared to 
participants. In 2005-2007, the mean age of the decliners was significantly 
lower when compared to those who agreed to participate, but the proportion of 
females did not differ significantly. While the second cross-section had a 
significantly higher proportion of female decliners than the first (p=0.016), 
mean age did not differ between the two decliner groups.  

Among those who agreed to participate, 21 (9.7%) participants in the first urban 
sample, 12 (8.6%) in the first rural sample, one (0.3%) in the second urban 
sample and none (0%) in the second rural sample lacked sufficient data for a 
decision to be made whether or not the participant fulfilled the DSM-IV criteria 
for depressive disorders. These individuals were excluded from the study. 

Among those asked to participate, participation rate was 80.0% in 2000-2002 
and 83.6% in 2005-2007. 
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Paper 3 

Of the total number of persons selected (n=831), 78 individuals died prior to 
being approached, 121 declined to participate and 65 could not be evaluated for 
depression due to missing data, which left a final baseline sample of 567 
participants. At follow-up five years later, 339 had died and one had moved. Of 
the 227 asked to participate in the follow-up, 20 declined to participate and one 
could not be evaluated for depression, leaving a final follow-up sample of 206 
individuals (Figure 3-1). Of these, 49 had baseline depression and 157 did not. 
Non-participants did not significantly differ from participants with regard to 
age or sex. Those who died before the follow-up had a lower mean Mini Mental 
State Examination (MMSE) score (p<0.001), a lower mean Barthel ADL index 
score (p<0.001), lower mean systolic and diastolic blood pressure (p<0.001 and 
p=0.007) and a higher mean age (p<0.001). They were also more likely to have 
depression (p=0.002) or dementia (p<0.001). Among those asked to 
participate, participation rate was 74.5%. 

 

Paper 4 

Out of 963 eligible persons, 77 persons (8.0%) died before being approached 
(Figure 4-1). Of the participants approached, 177 (20.0%) declined to 
participate. Decliners were more often female (p=0.035) but their mean age did 
not differ from that of the participants. 

Among those who agreed to participate, three (0.4%) participants could not be 
assessed for delirium due to lack of data. These individuals were excluded from 
the study. Participation rate, calculated from those asked to participate, was 
79.9%. 
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Figure 1-1. Flow chart of participants in paper 1. 

 



 

 

30 

Figure 2-1. Flow chart of participants in paper 2. 
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Figure 3-1. Flow chart of participants in paper 3. 

 



 

 

32 

  Figure 4-1. Flow chart of participants in paper 4. 
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Procedure 

The assessment procedure 

Structured interviews were conducted with the participants including, but not 
limited to, several different assessment scales for measuring various aspects of 
health. Trained assessors- physicians, nurses, physical therapists or medical 
students- performed the assessments during one or more home visits. Questions 
about the participant's current health status, social data, and medical history 
were included in the interviews. The investigators also reviewed medical records 
from general practitioners and hospitals, recorded current medication, and 
collected social and medical information from relatives and carers. The oldest 
participants were assessed first. 

Investigators attempted to assess all the participants, even those with impaired 
cognition, using all the scales, as long as the participants were deemed to be 
able to comprehend what they were being asked. All scales were interviewer-
administered. Depression scales were used directly with the participants and 
not filled in by proxy. The Organic Brain Syndrome (OBS) scale (which registers 
symptoms of organic brain disease over the preceding month) and 
Montgomery-Åsberg Depression Rating Scale (MADRS) registered the 
assessor’s clinical impression of participants in addition to direct questions. 
Further, the OBS scale also registered information about the participant 
obtained from carers or relatives. 

If carers or relatives were available, they provided information for the ADL 
scales if the assessor thought more reliable answers would be gained that way. 
There is no data on the proportion of information collected by proxy.  

 

The Mini Mental State Examination  

The MMSE was used to assess cognitive function (19, 20). This scale was 
developed by Folstein et al. as a screening test to quantitatively assess the level 
of cognitive impairment in individuals and to document cognitive changes that 
occur over time. The score ranges from 0 to 30 with a higher score indicating 
better cognition. 
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The Geriatric Depression Scale 

The Geriatric Depression Scale, 15-item version (GDS-15) was used to screen for 
depression (118). The scale consists of 15 yes-no questions, and is designed to 
avoid bias from somatic ailments. The scale ranges from 0 to 15 with a higher 
score indicating increased risk of depression. The scale has been found to have 
high sensitivity and specificity for detecting depression in very old people (119), 
and has been shown to be a useful instrument for assessing depression in 
individuals with MMSE scores ≥10 (120, 121). The Swedish Council on Health 
Technology Assessment recommends use of the GDS-15 for depression 
screening among the elderly (122). 

 

The Montgomery-Åsberg Depression Rating Scale 

The 30-point version of the MADRS (123) was used to assess level of depressive 
symptoms. The scale is designed to assess severity of depression and is 
commonly used to evaluate the effects of antidepressant treatment. The scale 
was applied on a subsample of participants. In the first urban sample, the 
participants' GDS-15 score determined whether they would be assessed using 
the MADRS. A specialist in geriatric medicine assessed individuals with a GDS-
15 score of ≥ 5 using the MADRS during a follow-up visit approximately two 
weeks after the first visit. In all the later assessments, the MADRS was used 
during the initial visit if the assessor was a physician or medical student trained 
to use the scale, irrespective of GDS-15 score. A higher score on the MADRS 
indicates more severe symptoms of depression.  

When comparing the scale to other depression rating scales in post-stroke 
populations, the MADRS compared favourably (124) and another study 
reported good validity for the scale (125) in this setting. 

 

The Organic Brain Syndrome Scale 

The OBS scale was developed to assess symptoms that appear in cases of 
delirium, dementia and other organic brain disorders (21, 22). The scale is 
subdivided into OBS 1, which is a questionnaire measuring the individual’s 
awareness and orientation to their own data, and OBS 2 which is based on 
observation of the person and describes a wide spectrum of psychopathology, 
such as suspiciousness, emotional reactions, delusions, hallucinations, as well 
as disturbances in speech, spatial orientation, recognition, physical and 
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practical abilities, and variations in the person’s clinical state. In the Umeå 
85+/GERDA study, only OBS 2 was used since OBS 1 provides similar 
information to that obtained from the MMSE. The scale was used to register 
symptoms experienced during the month prior to assessment by means of 
observation and interviews with the participants, carers and relatives.  

The OBS scale played a central role in providing information for a delirium 
diagnosis. The scale is not based on the operationalization of any particular 
DSM version but registers symptoms and fluctuations of symptoms that may be 
used to establish a diagnosis according to the assessor’s choice of DSM version. 
The OBS scale applied on DSM-IV criteria has been validated in thoracic 
surgery patients against the Confusion Assessment Method (126) with high 
levels of agreement (127). Regarding validity, the OBS scale has been reported 
to satisfy the requirements set up by the Scientific Advisory Commitee of the 
Medical Outcomes Trust (128, 129). The assessors were trained in the use of the 
OBS scale but there was no inter-assessor validation during the data collection 
period.  

 

The Philadelphia Geriatric Center Morale Scale 

Participants were assessed using the Philadelphia Geriatric Center Morale Scale 
(PGCMS) (130). This scale is designed to measure subjective or psychological 
wellbeing in the old and is graded from zero to seventeen with higher scores 
indicating greater wellbeing. The British Geriatric Society and the Royal College 
of Physicians have recommended the scale for assessment of subjective 
wellbeing among old people (131).  

 

The Life Orientation Scale 

A modified version of the Life Orientation Scale (LOS) (132) was used to assess 
personal values and positive life orientation.  
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The Barthel Activities of Daily Living Index 

The Barthel ADL Index was used to assess dependency in ADL. (133, 134) The 
maximum score is 20, indicating total independence in personal ADL (135). The 
scale was completed by proxy if the participant had significant cognitive 
impairment. 

 

Other assessments 

Assessors measured height and weight and calculated the Body Mass Index 
(BMI) as kg/m2. 

Feelings of loneliness were assessed by asking the question “Do you ever feel 
lonely?”  

Unimpaired vision was defined as being able to read a 4-5 mm font from normal 
reading distance with or without glasses. Unimpaired hearing was defined as 
being able to hear a conversation of normal loudness one meter away with or 
without hearing aids.  

The number of social visits participants made and received in a normal week 
were registered, based on information obtained from the participants, relatives, 
and/or carers.  

Prescribed drugs were registered based on information from the participant and 
medical records. The participant was also asked to present medication lists 
and/or containers for prescription and non-prescription drugs taken for 
confirmation. The Anatomical Therapeutical Chemical (ATC) classification 
system was used to classify prescribed drugs. (136)  

Blood pressure was measured manually with a stethoscope and a 
sphygmanometer calibrated against a mercury manometer. A single 
measurement was taken in the supine position after five minutes of rest. A 
minority of participants who could not lie down sat instead during 
measurement.  

Hypertension was regarded as present if blood pressure was ≥160/95 or if the 
person had a hypertension diagnosis in their medical records and current 
treatment against hypertension. 



 

 

37 

The participants were considered to have undergone heart surgery if they had 
had any surgery performed on the heart (such as valve surgery) or coronary 
arteries (such as coronary artery bypass graft), including any endovascular 
interventions (such as percutaneous coronary intervention).  

 

Diagnosis of dementia, depression and delirium 

An experienced specialist in geriatric medicine established the diagnoses 
according to the criteria set out in the DSM-IV (28) by carefully reviewing and 
evaluating the collected material including medical history and assessment 
scales (the MADRS, OBS, GDS-15, PGCMS and LOS for depression and the OBS 
and MMSE for dementia). The diagnostic procedure was the same for all 
participants in all cohorts in both Sweden and Finland. For both dementia and 
depression diagnoses, the overall clinical picture from the respective sources 
was considered. Criteria for having a major depressive episode, dysthymic 
disorder, minor depression or depression due to general medical condition had 
to be fulfilled for depressive disorder to be diagnosed, and criteria for any DSM-
IV dementia diagnosis had to be met for a dementia diagnosis. A 
subclassification of Alzheimer’s dementia and vascular dementia was also made 
based on the criteria in the DSM-IV, or based on established diagnoses in 
medical records.   

Treatment with antidepressants on an explicit depressive disorder indication 
noted in medical records was considered as a current depressive disorder, and if 
the person had a GDS-15 score <5 they were regarded as having responded to 
the treatment.  

During collection of the first sample, assessors referred a few uncertain 
dementia cases for a complete dementia assessment at the Geriatric Centre in 
Umeå, but no diagnosis was changed as a result.  

Other disorders and diseases were established by the same specialist in geriatric 
medicine based on information from participants, carers/relatives and medical 
records. 
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Statistics 

All papers 

Differences in proportions between groups were analysed using the Pearson 
Chi-square test, or 2-sided Fisher exact test if the expected cell count was below 
5. Differences in the means of continuous variables between groups were 
analysed using the independent samples t-test. A p-value of <0.05 was regarded 
as statistically significant. The International Business Machines (IBM) 
Statistical Product and Service Solutions (SPSS) version 19 for Mac was used for 
data analysis.  

To adjust for the skewed selection of participants adjusted prevalences of 
dementia, depression and delirium for people aged 85 years or older were 
calculated. First the respective prevalence for ages between the selected age 
groups was extrapolated, assuming that the disorders increased linearly 
between the sampled age groups. Then an adjusted total prevalence was 
calculated based on the background population statistics for the same 
geographical area. 

 

Paper 1 

A logistic regression analysis was performed, including age and sex, to control 
for different case mix between the two cross-sectional samples.  

 

Paper 2 

To investigate whether depressive disorder prevalence changed between the 
cross-sections adjusted for confounders, variables that both differed between 
cross-sections (a p-value of ≤0.15 in table 2-1) and were associated with 
depressive disorders (a p-value of ≤0.15 in both positions in table 2-2) were 
included, together with age, sex, and a dichotomous variable representing 
participation in either the 2000-2002 or the 2005-2007 sample, in a binary 
multivariate logistic regression analysis. One variable, MMSE score, was 
excluded in favor of the dementia variable due to high correlation (>0.4 
Spearman rank correlation coefficient). The dementia variable was chosen over 
the MMSE variable since it could be argued that the MMSE score decreased as a 
direct effect of depression while dementia is a separate diagnosis.  
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Paper 3 

Variables associated with incident depression (p-value <0.15) in Table 3-2, as 
well as age and sex, were included in a manual stepwise multivariate logistic 
regression analysis. Only the significant variables along with age and sex were 
included in the final regression model (Table 3-3). 

 

Paper 4 

A logistic regression analysis was performed on the subsample of participants 
with dementia. Factors associated with delirium in earlier studies were included 
in the regression; these can be found in Table 4-3. Any variables in this table 
with a p-value <0.15 in univariate analysis were included in the regression. The 
least significant variables were then removed stepwise to obtain the final model 
with only significant variables. 

 

Ethics 

The Regional Ethical Review Board in Umeå (§99-326 and §05-063M) and the 
Ethics Committee of Vaasa Central Hospital approved the study (05-87).  
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Results 

 

Paper 1  

In 2000-2002 it was possible to assess 430 individuals (71% women) with a 
mean age of 89.5 years for dementia. In 2005-2007 the corresponding figures 
were 465 individuals (70% women) with a mean age of 90.2 years.  

The prevalence of dementia was 17.4% in 2000-2002 and 28.2% in 2005-2007 
in the 85-year-old group (p=0.017). The corresponding figures for 90-year-olds 
were 24.0% and 39.8% (p=0.003), and for ≥95-year-olds 46.1% vs. 45.0% 
(p=0.874)(Table 1-2). The prevalence of dementia in the total sample was 26.5% 
in 2000-2002 and 37.2% in 2005-2007 (p=0.001)(Table 1-1). The MMSE score 
was also significantly lower in the later sample. 

Controlling for differences in age and sex between the samples using logistic 
regression, the prevalence of dementia increased between the two samples 
(odds ratio 1.587, 95% confidence interval (CI) 1.185-2.127, p=0.002).  

In univariate analysis, more people had had heart surgery and were treated with 
ß-blockers, calcium channel blockers, ACE (Angiotensin Converting Enzyme) 
inhibitors, antilipemic agents and cholinesterase inhibitors in the later sample 
(Table 1-1).  

In 2005-2007 significantly more of the 85-year-olds had had heart surgery and 
were treated with anti-hypertensive medication such as ACE-inhibitors and ß-
blockers compared to 2000-2002 (Table 1-2). There was also an increase in the 
use of antilipemic agents in this age group. The later sample of 85-year-olds also 
had significantly lower systolic blood pressure and MMSE scores.  

The 2005-2007 group of 90-year-olds had lower MMSE scores, higher 
proportion treated with ß-blockers and cholinesterase inhibitors compared to 
2000-2002 but their blood pressure was not significantly lower than that of the 
earlier cross-section.  

The 2005-2007 ≥95-year-old group showed no significant difference in MMSE 
score but a larger proportion with heart diseases and a larger proportion of 
participants treated with ß-blockers, diuretics and calcium channel blockers 
when compared to the earlier cross-section.  
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Among women in the total sample, prevalence was 30.9% in the first cross-
section, and 41.1% in the second (p=0.008). Among men in the total sample, the 
prevalence of dementia was 19.5% in 2000-2002 and 28.1% in 2005-2007 
(p=0.106). 

When divided geographically, the urban municipality had a dementia 
prevalence of 28.6% and 39.9% five years later (p=0.004) while the prevalence 
in the rural areas was 26% in the first cross-section and 32% in the second 
(p=0.166).  

The proportion of people with Alzheimer’s disease to vascular dementia was 47 
to 26 (64.4%) in the first and 84 to 45 (65.1%) in the subsequent cross-section 
(p=0.917).  

 

Additional Results 

Adjusting for the sampling method, the prevalences in the two cross-sections 
would correspond to a prevalence of dementia of 23% in 2000-2002 and of 35% 
in 2005-2007 among ≥85-year-olds.  
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Table 1-1. Characteristics of participants in Paper 1. 

 2000-2002 2005-2007  
 N=430 

n (%) 
N=465 
n (%) 

 
p-value 

Age group    
85 178 (41.4) 163 (35.1)  
90 150 (34.9) 171 (36.8)  
≥95 102 (23.7) 131 (28.2)  

Dementia 114 (26.5) 173 (37.2) 0.001 
Women 307 (71.4) 326 (70.1) 0.672 
Living alone  338 (86.2) 360 (82.0) 0.098 
Living in an institution 168 (39.1) 181 (41.0) 0.571 
Heart surgery  9 (2.1) 22 (4.7) 0.031 
Stroke 81 (18.8) 103 (22.2) 0.220 
Heart disease 246 (57.3) 294 (63.4) 0.066 
Diabetes 51 (11.9) 62 (13.3) 0.507 
Warfarine  11 (2.6) 14 (3.0) 0.681 
ASA 158 (36.7) 192 (41.3) 0.164 
Diuretics  188 (43.7) 230 (49.5) 0.085 
ß-blockers 82 (19.1) 178 (38.3) <0.001 
Calcium channel blockers  37 (8.6) 59 (12.7) 0.049 
ACE inhibitors  41 (9.5) 76 (16.3) 0.003 
Antilipemic agents  1 (0.2) 23 (4.9) <0.001 
Antidepressants  66 (15.3) 82 (17.6) 0.358 
Antipsychotics  61 (14.2) 64 (13.8) 0.855 
Benzodiazepines  114 (26.5) 136 (29.2) 0.362 
Cholinesterase inhibitors 8 (1.9) 24 (5.2) 0.011 
NSAIDs 36 (8.4) 37 (8.0) 0.821 

 Mean ±SD Mean ±SD  
Number of medications 5.99 ±4.7 6.65 ±4.1 0.026 
Barthel’s ADL Index score 15.6 ±6.3 15.6 ±6.0 0.870 
GDS-15 score 3.8 ±2.6 3.7 ±2.7 0.648 
SBP (mmHg) 147.7 ±24.1 144.4 ±23.3 0.058 
BMI (kg/m2) 24.7 ±4.7 24.8 ±4.1 0.773 
Years in school 6.2 ±1.9 6.8 ±2.0 <0.001 
MMSE score 21.6 ±8.0 19.8 ±7.8 0.002 

Individual variables may have lower denominators than the dementia variable. Abbreviations: Acetylsalicylic acid 
(ASA), Angiotensin converting enzyme (ACE), Non steroidal anti inflammatory drug (NSAID), Standard Deviation 
(SD), Activities of daily living (ADL), Geriatric Depression Scale, 15 item version (GDS-15),  Systolic Blood 
Pressure (SBP), Body Mass Index (BMI), Mini Mental State Examination (MMSE). 
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Paper 2 

Depressive disorder prevalence was 24.0% in 2000-2002 and 33.1% in 2005-
2007 among the 85-year-olds (p=0.060), 33.8% in 2000-2002 and 38.6% in 
2005-2007 among the 90-year-olds (p=0.321) and 31.2% in 2000-2002 and 
38.2% in 2005-2007 among the people aged ≥95 years (p=0.308). The 
prevalence of depressive disorders in the total sample was 29.3% (95% CI 24.7-
33.8%) in 2000-2002 and 36.6% (95% CI 32.2-41.0%) in 2005-2007 (p=0.025). 
The mean GDS-15 score for the total sample was 3.8±2.6 in 2000-2002 and 3.7 
±2.7 in 2005-2007 (p=0.65). The mean GDS-15 score among individuals with 
depressive disorders was 6.2±2.8 in 2000-2002 and 6.0±2.7 in 2005-2007 
(p=0.580).  

Among men, depressive disorder rates were 21/108 (19.4%) in 2000-2002 and 
44/139 (31.7%) in 2005-2007 (p=0.031). Among women, depressive disorder 
rates were 92/278 (33.1%) in 2000-2002 and 126/326 (38.7%) in 2005-2007 
(p=0.156).  

In the urban subsample, depressive disorder rates were 72/258 (27.9%) in 
2000-2002 and 122/306 (39.9%) in 2005-2007 (p=0.003). In the rural 
subsample, depressive disorder rates were 41/128 (32.0%) in 2000-2002 and 
48/159 (30.2%) in 2005-2007 (p=0.737).  

Of the individuals with a depressive disorder diagnosis in 2000-2002, 65/111 
(58.6%) were being treated with antidepressants, compared to 79/169 (46.7%) 
in 2005-2007 (p=0.053). Of the individuals with completed GDS-15 scales in 
this subsample, 23/45 (51.1%) had responded to treatment (GDS-15<5) in 
2000-2002 and 26/48 (54.2%) in 2005-2007 (p=0.768).  

Among individuals with dementia, depressive disorder prevalence was 46/106 
(43.4%) in 2000-2002 and 89/173 (51.4%) in 2005-2007 (p=0.236), while 
among individuals without dementia, depressive disorder prevalence was 
67/290 (23.1%) in 2000-2002 and 81/292 (27.7%) in 2005-2007 (p=0.298).  

The MMSE scores of the total sample were 21.9±7.7 in 2000-2002 and 19.8±7.8 
in 2005-2007 (p<0.001). 

Factors associated with depressive disorders in the two samples are presented 
in Table 2-2. In both samples, dementia, institutional living, feeling lonely, 
impaired vision, constipation, low MMSE scores, low Barthel scores, and high 
GDS-15 scores were associated with depressive disorders in the univariate 
analysis. In addition, the variables female sex, loss of a child, and heart failure 
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were associated with depressive disorders in 2000-2002 and living alone and 
having a history of stroke in 2005-2007.  

In the multiple logistic regression analysis, dementia, participation year, and 
living alone were significantly associated with depressive disorders, as 
presented in Table 2-3.  

 

Additional results 

Adjusting for the oversampling of persons aged ≥95 years, population 
depressive disorder prevalence among people aged ≥85 years, calculated from 
Paper 2, would be 28% in 2000-2002 and 36% in 2005-2007. 
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Table 2-1. Characteristics of participants in Paper 2. 

 2000-2002 2005-2007  
 N=386 

n (%) 
N =465 
n (%) 

 
p-value 

Age, mean ±SD  89.6 ±4.61 90.2 ±4.38 0.053 
Age group 

85 
90 
≥95 

 
154 (39.9) 
139 (36.0) 
93 (24.1) 

 
163 (35.1) 
171 (36.8) 
131 (28.2) 

0.177 

Depressive disorders 
85 
90 
≥95 

113 (29.3) 
37 (24.0) 
47 (33.8) 
29 (31.2) 

170 (36.6) 
54 (33.1) 
66 (38.6) 
50 (38.2) 

0.025 
0.060 
0.321 
0.308 

Women 278 (72.0) 326 (70.1) 0.732 
Living in an institution 158 (40.9) 181 (41.0) 0.996 
Living alone 324 (86.6) 360 (82.0) 0.072 
Have children 326 (84.9) 379 (85.2) 0.913 
Dead children 61 (16.9) 80 (20.0) 0.279 
Feeling lonely 150 (49.5) 175 (53.5) 0.314 
History of hip fracture 77 (19.9) 87 (18.8) 0.659 
Heart failure 99 (25.7) 131 (28.2) 0.411 
History of stroke 76 (19.7) 103 (22.2) 0.380 
Dementia 106 (27.5) 173 (37.2) 0.002 
Constipation 155 (40.3) 202 (43.5) 0.336 
Impaired vision 83 (23.2) 80 (21.2) 0.509 
Impaired hearing 75 (20.5) 81 (20.8) 0.694 
Analgesics 216 (60.5) 299 (64.6) 0.231 
Antidepressants 66 (17.6) 82 (17.7) 0.967 
Benzodiazepines 111 (29.6) 136 (29.4) 0.943 
Antipsychotics 58 (16.2) 64 (14.0) 0.381 

 Mean ±SD Mean ±SD  
BMI (kg/m2) 24.83 ±4.60 24.84 ±4.19 0.982 
MMSE score  21.71 ±7.84 19.79 ±7.81 0.001 
Barthel’s ADL Index score 15.76 ±6.20 15.57 ±6.00 0.699 
GDS-15 score 3.75 ±2.63 3.66 ±2.67 0.648 
Number of visits each week  3.00 ±2.99 2.74 ±2.38 0.243 

Individual variables may have lower denominators than the depressive disorders variable. Variables in the tables 
were predefined and either factors known to be associated with depression from the literature, deemed important 
in describing the sample or hypothesized to be associated with depression. Abbreviations: Standard Deviation 
(SD), Body Mass Index (BMI), Mini Mental State Examination (MMSE), Activities of daily living (ADL), Geriatric 
Depression Scale, 15 item version (GDS-15) 
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Table 2-2. Characteristics of participants in Paper 2 and association with depression.  
 2000-2002 2005-2007 

Depressive disorder  Depressive disorder  
Yes 

N=113 
n (%) 

No 
N=273 
n (%) 

 
 

p-value 

Yes 
N=170 
n (%) 

No 
N=295 
n (%) 

 
 

p-value 

Age, mean ±SD 90.01 ±4.43 89.43 ±4.67 0.263 90.54 ±4.44 90.00 ±4.35 0.29 
Age group 

85 
90 
≥95 

 
37 (32.7) 
47 (41.6) 
29 (25.7) 

 
117 (42.9) 
92 (33.7) 
64 (23.4) 

0.166  
54 (31.8) 
66 (38.8) 
50 (29.4) 

 
109 (36.9) 
105 (35.6) 
81 (27.5) 

0.528 

Women 92 (81.4) 186 (68.1) 0.008 126 (74.1) 200 (67.7) 0.152 
Living in an institution 63 (55.8) 95 (34.8) <0.001 93 (56.0) 88 (31.9) <0.001 
Living alone  101 (91.8) 223 (84.5) 0.057 145 (88.4) 215 (78.2) 0.007 
Have children  97 (86.6) 229 (84.2) 0.548 140 (85.4) 239 (85.1) 0.929 
Dead children  25 (24.0) 36 (14.1) 0.022 30 (19.9) 50 (20.1) 0.959 
Feeling lonely  55 (68.8) 95 (42.6) <0.001 84 (70.6) 91 (43.8) <0.001 
History of hip fracture  25 (22.1) 52 (19.0) 0.491 33 (19.4) 54 (18.4) 0.781 
Heart failure  38 (34.9) 61 (21.8) 0.022 53 (31.2) 73 (24.9) 0.144 
History of stroke  26 (23.0) 50 (18.3) 0.291 55 (32.4) 50 (16.9) <0.001 
Dementia  46 (40.7) 60 (22.0) <0.001 89 (52.4) 84 (28.5) <0.001 
Constipation  67 (59.3) 88 (32.4) <0.001 100 (58.8) 102 (34.7) <0.001 
Impaired vision  34 (33.3) 49 (19.2) 0.004 40 (27.6) 40 (17.2) 0.017 
Impaired hearing  24 (23.1) 51 (19.5) 0.440 39 (25.7) 42 (17.7) 0.06 
Analgesics 72 (27.3) 45 (40.5) 0.011 92 (66.7) 102 (41.3) <0.001 
Antidepressants 65 (57.5) 1 (0.4) <0.001 79 (46.5) 3 (1.0) <0.001 
Benzodiazepines 47 (42.3) 64 (24.2) <0.001 65 (38.2) 71 (24.1) 0.001 
Antipsychotics 25 (22.5) 36 (13.6) 0.010 37 (22.2) 27 (9.3) <0.001 

 Mean ±SD Mean ±SD  Mean ±SD Mean ±SD  
BMI (kg/m2) 24.86 ±4.94 24.82 ±4.47 0.944 25.07 ±4.56 24.69 ±3.84 0.418 
MMSE score 19.03 ±8.30 22.70 ±7.44 <0.001 17.59 ±7.93 21.14 ±7.43 <0.001 
Barthel’s ADL Index 
score 13.63 ±6.75 16.61 ±5.75 <0.001 13.64 ±6.42 16.82 ±5.37 <0.001 

GDS-15 score  6.18 ±2.76 2.90 ±1.97 <0.001 5.96 ±2.71 2.29 ±1.41 <0.001 
Number of visits each 
week  2.58 ±3.05 3.14 ±2.96 0.170 2.50 ±2.55 2.87 ±2.27 0.197 

Individual variables may have lower denominators than the depressive disorders variable. Variables in the tables 
were predefined and either factors known to be associated with depression from the literature, deemed important 
in describing the sample or hypothesized to be associated with depression. Abbreviations: Standard Deviation 
(SD), Body Mass Index (BMI), Mini Mental State Examination (MMSE), Activities of daily living (ADL), Geriatric 
Depression Scale, 15 item version (GDS-15). 
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Table 2-3. Logistic regression of factors associated with the increased 
prevalence of depressive disorders in Paper 2. 

 Odds ratio 95% CI p-value 

Female sex 1.32 0.93-1.88 0.12 
Age 1.00 0.96-1.03 0.89 
Living alone 1.65 1.02-2.66 0.040 
Dementia 2.47 1.87-3.54 <0.001 
2000-2002 or 2005-2007 1.37 1.01-1.86 0.044 

Confounding factors included in the model were those associated with depressive 
disorders that also increased between the cross-sections. Nagelkerke R square = 
0.088. Abbreviations: Confidence Interval (CI) 
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Paper 3 

Sociodemographic factors and clinical characteristics at baseline are presented 
in Table 3-1. Of the 567 participants, 183 (32%) were diagnosed with depression 
at baseline (Figure 3-1). The age-specific prevalence of depression was 29.5% for 
the 85-year-olds, 34.6% for the 90-year-olds and 34.4% for those aged ≥95 
years. Of the participants with baseline depression, 55.6% were treated with 
antidepressants (Table 3-1). Of the 384 participants not depressed at baseline, 
157 were possible to evaluate for depression at follow-up, and of those 40 
(25.5%) had developed depression. Of the non-depressed aged 85 years, 90 
years and ≥95 years at baseline who could be evaluated for depression at follow-
up, 24.7% (24/97), 23.4% (11/47) and 38.5% (5/13) respectively had developed 
depression after five years. There were no significant differences in mean age 
(p=0.489) or sex (p=0.851) between those who developed depression and those 
who did not. Of the 49 participants with baseline depression who were 
evaluated for depression at follow-up, 38 (77.6%) were still depressed after five 
years. Of those depressed at baseline 68.9% died before the follow-up, 
compared with 55.5% (p=0.002) of the non-depressed at baseline (Figure 3-1). 
Baseline characteristics univariately associated with new cases of depression 
five years later are presented in Table 3-2. Thirteen variables were significantly 
associated with depression at baseline (3-1), but not with incident depression 
after five years (Table 3-2). Poor self-rated health and the GDS-15 score were 
the only factors significantly associated with both baseline depression and new 
cases of depression at follow-up.  

In the final multivariate logistic regression analysis, presented in Table 3-3, the 
only baseline factors independently associated with the incident depressive 
disorders after five years were the GDS-15 score at baseline (p=0.007), 
hypertension (p=0.034) and a history of stroke (p=0.031).  
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Table 3-1. Characteristics of participants with or without depressive disorders at baseline in paper 3. 

  

Total sample 
 

(N=567) 
n (%) 

Depressive 
disorder 
(N=183) 

n (%) 

No depressive 
disorder 
(N=384) 

n (%) 

 
 
 

p-value 

Sociodemographic factors:     
Age, mean ±SD 89.5 ±4.5 89.8 ±4.4 89.3 ±4.5 0.272 
Women 399 (70.4) 138 (75.4) 261 (68.0) 0.070 
Years of education, mean ±SD 6.5 ±2.1 6.5 ±2.2 6.5 ±2.1 0.897 
Living alone 451 (91.1) 160 (93.6) 291 (89.8) 0.163 
Living in an institution 222 (39.4) 100 (54.6) 122 (32.1) <0.001 
Feeling lonely 220 (50.1) 90 (70.3) 130 (41.8) <0.001 
3 or more visits per week 227 (54.3) 49 (40.5) 178 (59.9) <0.001 
Poor self-rated health 168 (40.3) 71 (58.2) 97 (32.9) <0.001 
     
Clinical characteristics:     
Antidepressants 102 (18.4) 100 (55.6) 2 (0.5) <0.001 
Analgesics, ASA excluded 272 (49.0) 115 (63.9) 157 (41.9) <0.001 
Anxiolytics 37 (6.7) 21 (11.7) 16 (4.3) 0.001 
Neuroleptics 87 (15.7) 45 (25.0) 42 (11.2) <0.001 
Hypnotics 175 (31.5) 74 (41.1) 101 (26.9) 0.001 
History of stroke 108 (19.0) 42 (23.0) 66 (17.2) 0.102 
Dementia 173 (30.5) 83 (45.4) 90 (23.4) <0.001 
Delirium during preceding month 116 (20.5) 66 (36.1) 50 (13.0) <0.001 
Diabetes Mellitus 70 (12.3) 22 (12.0) 48 (12.5) 0.871 
Hypertension 324 (57.1) 101 (55.2) 223 (58.1) 0.517 
Heart failure 150 (26.5) 62 (33.9) 88 (23.0) 0.006 
History of myocardial infarction 49 (8.6) 18 (9.8) 31 (8.1) 0.485 
History of hip fracture 117 (20.6) 45 (24.6) 72 (18.8) 0.108 
History of thyroid disease 66 (11.8) 25 (13.9) 41 (10.8) 0.283 
Impaired vision 100 (19.6) 44 (27.2) 56 (16.0) 0.003 
Impaired hearing 102 (19.5) 36 (21.4) 66 (18.5) 0.436 

 Mean ±SD Mean ±SD Mean ±SD  
BMI (kg/m2) 24.8 ±4.5 24.8 ±4.9 24.8 ±4.3 0.987 
SBP (mmHg) 147.1 ±23.9 143.7 ±22.3 148.7 ±24.4 0.031 
DBP (mmHg) 74.6 ±10.9 73.6 ±10.6 75.0 ±11.0 0.166 
MNA score 23.1 ±4.6 21.2 ±4.7 24.1 ±4.2 <0.001 
MMSE score 21.4 ±8.0 18.8 ±8.5 22.6 ±7.4 <0.001 
Barthel's ADL index score 15.8 ±6.1 13.7 ±6.8 16.9 ±5.5 <0.001 
GDS-15 score 3.7 ±2.6 6.0 ±2.6 2.7 ±1.9 <0.001 
Number of medications 6.7 ±4.4 8.8 ±4.7 5.7 ±3.9 <0.001 

Individual variables may have lower denominators than the depressive disorders variable. Abbreviations: Standard 
Deviation (SD), Acetylsalicylic acid (ASA), Body Mass Index (BMI), Systolic Blood Pressure (SBP), Diastolic Blood 
Pressure (DBP), Mini Nutritional Assessment (MNA), Mini Mental State Examination (MMSE), Activities of daily living 
(ADL), Geriatric Depression Scale, 15 item version (GDS-15) 
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Table 3-2. Baseline characteristics associated with new cases of depressive disorders at five-year 
follow-up in paper 3. 

  

New cases of 
depressive disorder 

(N=40) 
n (%) 

Still no depressive 
disorder 
(N=117) 

n (%) 

 
 
 

p-value 

Sociodemographic factors:    
Age, mean ±SD 88.0 ±4.1 87.6 ±3.2 0.489 
Women 29 (72.5) 83 (70.9) 0.851 
Years of education, mean ±SD 6.7 ±2.0 6.5 ±1.9 0.757 
Living alone 29 (90.6) 87 (84.5) 0.562 
Living in an institution 6 (15.0) 16 (13.7) 0.835 
Feeling lonely 17 (45.9) 45 (40.5) 0.564 
3 or more visits per week 22 (62.9) 66 (60.0) 0.763 
Poor self-rated health 16 (43.2) 25 (23.1) 0.019 
    
Clinical characteristics:    
Anxiolytics 2 (5.3) 0 (0) 0.060 
Neuroleptics 3 (7.9) 7 (6.1) 0.710 
Hypnotics 13 (34.2) 28 (24.3) 0.234 
Analgesics, ASA excluded 15 (39.5) 39 (33.9) 0.534 
History of stroke 10 (25.0) 12 (10.3) 0.020 
Dementia 3 (7.5) 9 (7.7) 1.000 
Delirium during preceding month 3 (7.5) 2 (1.7) 0.105 
Diabetes Mellitus 6 (15.0) 9 (7.7) 0.213 
Hypertension 31 (77.5) 72 (61.5) 0.067 
Heart failure 5 (12.5) 18 (15.4) 0.656 
History of myocardial infarction 1 (2.5) 8 (6.8) 0.450 
History of hip fracture 3 (7.5) 19 (16.2) 0.169 
History of thyroid disease 4 (10.3) 12 (10.3) 1.000 
Impaired vision 3 (7.9) 10 (8.8) 1.000 
Impaired hearing 7 (18.4) 9 (8.0) 0.123 

 Mean ±SD Mean ±SD  
BMI (kg/m2) 25.2 ±4.2 25.2 ±4.0 0.986 
SBP (mmHg) 154.8 ±25.9 153.7 ±22.0 0.794 
DBP (mmHg) 77.7 ±11.9 76.2 ±10.7 0.468 
MNA score 25.1 ±3.2 25.8 ±2.4 0.168 
MMSE score 25.9 ±3.0 26.1 ±3.2 0.789 
Barthel's ADL index score 19.0 ±2.5 19.3 ±2.0 0.355 
GDS-15 score 3.3 ±2.2 2.4 ±1.5 0.004 
Number of medications 5.7 ±3.5 4.5 ±3.4 0.062 

Individual variables may have lower denominators than the incident depressive disorders variable. Abbreviations: 
Standard Deviation (SD), Acetylsalicylic acid (ASA), Body Mass Index (BMI), Systolic Blood Pressure (SBP), 
Diastolic Blood Pressure (DBP), Mini Nutritional Assessment (MNA), Mini Mental State Examination (MMSE), 
Activities of daily living (ADL), Geriatric Depression Scale, 15 item version (GDS-15) 
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Table 3-3. Multivariate logistic regression model displaying factors 
independently associated with new cases of depressive disorders in Paper 3.  

 Odds ratio 95% CI p-value 

Age 1.01 0.90-1.14 0.831 
Female sex 1.09 0.43-2.82 0.852 
GDS-15 score 1.39 1.09-1.76 0.007 
History of stroke 3.25 1.12-9.44 0.031 
Hypertension 2.83 1.08-7.42 0.034 

Factors included are variables from Table 2 with a p-value of <0.15, along with age and 
gender. Nagelkerke R2=0.162. Abbreviations: Confidence Interval (CI), Geriatric 
Depression Scale, 15 item version (GDS-15) 
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Paper 4 

The prevalence of delirium was 43/251 (17.1%) among those aged 85 years, 
53/249 (21.3%) among those aged 90 years and 80/208 (38.5%) among those 
aged ≥95 years (p<0.001). The prevalence of delirium in the total sample was 
24.9%. 

Among men, delirium prevalence was 19.1% and among women 27.2% 
(p=0.025). In the total sample, delirium rates among individuals without 
dementia were much lower than among those with dementia (4.9% vs. 52.0%, 
p<0.001)(Table 4-1). Delirium prevalence was 7.6% among individuals living 
independently (n=393) vs. 49.2% among those living in institutions, (n=295, 
p<0.001).   

Characteristics of the total sample as well as the division into dementia 
diagnosis or no dementia diagnosis can be found in Table 4-1.  

Delirium subtype prevalence in the total sample, and subgrouping by dementia 
status can be found in Table 4-2. Significantly more individuals with 
concomitant dementia and delirium had any hyperactive symptoms (55.1% vs. 
20%, p=0.003) and any psychotic symptoms (60.3% vs. 30.0%, p=0.01) 
compared to those without dementia but with delirium. Half of all those with 
delirium (n=176) had any hyperactive symptoms and two thirds had any 
emotional symptoms. There were no significant differences in symptom profiles 
between the sexes regarding either motor level subtypes or emotional and 
psychotic subtypes (data not shown).   

In the subsample without dementia (n=409, Table 4-1), the group with delirium 
(n=20) were prescribed a larger mean number of drugs (8.9 vs. 6.0, p=0.002) 
while mean Barthel scores (15.2 vs. 18.8, p=0.023), mean MMSE scores (21.4 
vs. 24.8, p=0.017) and mean MNA scores (21.1 vs. 24.8, p<0.001) were lower 
compared to those without delirium (n=389). In the group with delirium there 
were also higher rates of depressive disorders (70.0% vs. 26.5% p<0.001), 
institutionalization rates (45.0% vs. 19.8%, p= 0.007) and prescription rates for 
antipsychotic medication (21.1% vs. 7.0%, p=0.024).  

Characteristics of the subsample with dementia with and without delirium can 
be found in Table 4-3. The final regression model showed that depressive 
disorders (OR=2.0, p=0.011), heart failure (OR=2.1 p=0.006), institutional 
living (OR=4.4, p<0.001) and being prescribed antipsychotic medication 
(OR=3.0, p=0.002) were independently associated with delirium amongst 
subjects with dementia (Table 4-4).  
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Additional results 

The dementia prevalence among participants living in institutions was 72% 
compared to 21% among participants living independently (p<0.001). 

 
  

Table 4-1. Characteristics of the Sample in paper 4. 
 Total 

 
(N=708) 

n (%) 

Without 
dementia 
(N=409) 

n (%) 

With 
dementia 
(N=299) 

n (%) 

 
 
 

p-value 

Age, mean ±SD 90.3 ±4.6 89.4 ±4.3 91.5 ±4.7 <0.001 
Women 504 (71.2) 269 (65.8) 139 (78.3) <0.001 
Delirium 176 (24.9) 20 (4.9) 156 (52.0) <0.001 
Living in institution 295 (42.9) 83 (21.1) 212 (71.9) <0.001 
Impaired hearing 154 (24.6) 55 (15.5) 99 (36.4) <0.001 
Impaired vision 111 (18.6) 41 (11.6) 70 (28.7) <0.001 
Depressive disorders 257 (36.3) 117 (28.6) 140 (46.8) <0.001 
Stroke 156 (22.2) 78 (19.1) 78 (26.1) 0.026 
Urinary tract infection last month 102 (14.4) 34 (8.3) 68 (22.7) <0.001 
Heart failure 218 (30.8) 108 (26.5) 110 (36.8) 0.003 
Diabetes 101 (14.3) 56 (13.7) 45 (15.1) 0.61 
Antipsychotics 94 (13.3) 31 (7.6) 63 (21.1) <0.001 
Hypnotics and sedatives 212 (30.0) 117 (28.7) 95 (31.8) 0.39 
Antidepressants 133 (18.8) 51 (12.5) 82 (27.4) <0.001 
Analgesics  272 (38.5) 123 (30.2) 149 (49.8) <0.001 
Drugs with anticholinergic properties 142 (20.1) 72 (17.7) 70 (23.4) 0.061 

 Mean ±SD Mean ±SD Mean ±SD  
Number of medications 6.6 ±4.0 6.2 ±4.1 7.1 ±3.8 0.001 
MNA score 22.4 ±4.5 24.6 ±3.2 19.6 ±4.3 <0.001 
MMSE score 19.4 ±8.2 24.7 ±3.4 12.4 ±7.5 <0.001 
GDS-15 score 3.6 ±2.6 3.3 ±2.5 4.3 ±2.9 <0.001 
Barthel ADL index score  15.1 ±6.4 18.6 ±2.9 10.6 ±6.9 <0.001 
Individual variables may have lower denominators than the delirium variable. Abbreviations: Standard Deviation 
(SD), Mini Nutritional Assessment (MNA), Mini Mental State Examination 
(MMSE), Geriatric Depression Scale, 15 item version (GDS-15), Activities of Daily Living (ADL) 
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Table 4-2. Delirium subtypes in paper 4. 

 Total 
 
 

(N=176) 
n (%) 

Concomitant 
dementia 

 
(N=156) 

n (%) 

No 
concomitant 

dementia 
(N=20) 
n (%) 

 
 
 
 

p-value 
Motor Level Pure hyperactive 34 (19) 32 (21) 2 (10) 0.37 

Pure hypoactive 31 (18) 27 (17) 4 (20) 0.76 
Mixed hyper-hypoactive 56 (32) 54 (35) 2 (10) 0.026 
Unclassifiable 55 (31) 43 (28) 12 (60) 0.003 
Any hyperactive symptomsa 90 (51) 86 (55) 4 (20) 0.003 
Any hypoactive symptomsa 87 (49) 81 (52) 6 (30) 0.065 

Emotional/ 
psychotic 

Pure emotional 40 (23) 33 (21) 7 (35) 0.17 
Pure psychotic 23 (13) 23 (15) 0 0.080 
Mixed 77 (44) 71 (46) 6 (30) 0.19 
Unclassifiable 36 (21) 29 (19) 7 (35) 0.13 
Any emotional symptomsa 

117 (67) 104 (67) 13 (65) 0.88 
Any psychotic symptomsa 100 (57) 94 (60) 6 (30) 0.010 

a: Any = Pure + Mixed 
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Table 4-3. Characteristics of participants with and without delirium among those with dementia. 

 Delirium 
(N=156) 

n (%) 

No delirium 
(N=143) 

n (%) 

 
 

p-value 
Age, mean ± SD  91.8 ±4.6 91.1 ±4.8 0.19 
Women  121 (78) 113 (79) 0.76 
Living in institution 136 (87.7) 76 (54.3) <0.001 
Impaired hearing 56 (38.4) 43 (34.1) 0.47 
Impaired vision 46 (35.4) 24 (21.1) 0.014 
Depressive disorders 89 (57.1) 51 (35.7) <0.001 
Stroke 39 (25.0) 39 (27.3) 0.66 
Urinary tract infection last month  42 (26.9) 26 (18.2) 0.072 
Heart failure 70 (44.9) 40 (28.0) 0.002 
Diabetes 23 (16.1) 22 (14.1) 0.63 
Antipsychotics 49 (31.4) 14 (9.8) <0.001 
Hypnotics and sedatives 51 (32.7) 44 (30.8) 0.72 
Antidepressants 50 (32.1) 32 (22.4) 0.061 
Analgesics 83 (53.2) 66 (46.2) 0.22 
Drugs with anticholinergic properties 48 (30.8) 22 (15.4) 0.002 

 Mean ±SD Mean ±SD  
Number of drugs prescribed, mean ± SD  7.6 ±3.9 6.6 ±3.6 0.022 
Barthel ADL index,  9.3 ±6.0 12.2 ±7.5 0.001 
MNA, mean ± SD 19.0 ±3.8 20.4 ±4.9 0.016 
MMSE, mean ± SD 11.2 ±7.2 13.6 ±7.6 0.009 
GDS-15, mean ± SD 4.5 ±2.8 4.0 ±2.9 0.33 

Individual variables may have lower denominators than the delirium variable. Abbreviations: Standard Deviation 
(SD), Activities of Daily Living (ADL), Mini Nutritional Assessment (MNA), Mini Mental State Examination 
(MMSE), Geriatric Depression Scale, 15 item version (GDS-15) 

 

 

 
Table 4-4. Logistic regression model of delirium among people with 
dementia in paper 4. 

 Odds Ratio 95% CI p-value 

Depressive disorders 2.0 1.2-3.3 0.011 
Heart failure 2.1 1.2-3.7 0.006 
Living in institution 4.4 2.4-8.2 <0.001 
Antipsychotics 3.0 1.5-6.0 0.002 

Model Cox and Snell R square 0.203. Abbreviations: Confidence Interval (CI) 
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General findings 

In the Swedish material, the total number of eligible participants increased from 
527 in the 2000-2002 cross-section to 610 in the second, an increase of 16%. 
Not only do the age-specific prevalences of dementia and depression seem to 
increase but also the number of very old in the underlying population.  

Another finding from the collected data was the large overlap of dementia, 
depressive disorders and delirium, as seen in the figure below. In total, from the 
2005-2007 sample, 257 out of 465 (55%) eligible participants had either 
dementia, a depressive disorder or delirium.  

 

 

 

Fifty-six percent of those with dementia and 40% of those with depressive 
disorders also had delirium. Fifty-one percent of those with dementia had 

Figure 0-3. Overlap of dementia, depressive disorders and 

delirium in the 2005-2007 sample. a= dementia (n=174), b= 

depressive disorders (n=170), c =delirium (n=113). 
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depressive disorders and 52% of those with depressive disorders had dementia. 
Only three people with delirium during the preceding 30-day period did not 
have either dementia or a depressive disorder. 
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Discussion 

 

Summary of results 

Dementia, depressive disorders and delirium were common among the very old 
in these studies. One in three participants had dementia, the same proportion 
had depressive disorders, and one in four had experienced delirium during the 
preceding thirty-day period. The prevalence of dementia and depressive 
disorders increased between 2000-2002 and 2005-2007, after controlling for 
age and sex. In Paper 3, a quarter of those without depressive disorders at 
baseline had developed depressive disorders after five years. Factors 
independently associated with new cases of depressive disorders at follow-up 
were hypertension, a history of stroke and GDS-15 score at baseline. Dementia 
and depressive disorders were associated with having delirium, half of the 
participants with dementia had a depressive disorder and almost half of those 
with depressive disorders had dementia.  

 

Dementia 

In Paper 1, the prevalence of dementia was one in six in 2000-2002 and one in 
four in 2005-2007 in the 85-year-old group. The corresponding figures for the 
90-year-olds were one in four and two in five and for the ≥95-year-olds almost 
half of the participants had dementia at each cross-section. Adjusting for the 
sampling method, the prevalence of dementia in the total sample was calculated 
as one in four in 2000-2002 and one in three in 2005-2007 among ≥85-year-
olds.  

 

Prevalences 

The prevalences of dementia found in the present studies are comparable to 
findings reported earlier (20-22). A study from Gothenburg by Skoog et al 
reported similar findings among 85-year-olds 10 years before the 2005-2007 
cross-section in this thesis (19). On the whole, the dementia prevalences from 
the 2005-2007 cross-section appear to be more in line with other studies than 
do the 2000-2002 prevalences.  
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The high participation rate in the Umeå85+/GERDA study increases the 
probability that the sample accurately represents the same age groups in the 
population. The sample contains individuals from both urban and rural areas, 
living both independently and in institutions. 

 

Increasing prevalences  

In Paper 1, the prevalence of dementia increased significantly among the 85-
year-olds and 90-year-olds but not among the ≥95-year-olds from 2000-2002 
to 2005-2007. The prevalence of dementia also increased significantly in the 
total sample. The MMSE score was also significantly lower in the later total 
sample, and in the age groups where dementia prevalence increased.  

Most other studies have not shown any significant increase in age-specific 
prevalence (24) or incidence (137) of dementia in the elderly. Lobo et al. did not 
find any significant change in the prevalence of dementia among ≥65-year-olds 
in a Spanish region when comparing one cross-section from 1988-1989 with 
another from 1994-1996 (23), nor did Hall et al. among African Americans aged 
≥70 years between 1992 and 2001 (138). While dementia prevalence increased 
between 1947 and 1957 in the Lundby study, Rorsman et al. reported no 
statistically significant changes in the prevalence or incidence of dementia in the 
longer run between 1947 and 1972 among people aged ≥60 years (26).  

In a recently published study Qiu et al. found stable prevalences of dementia 
from 1987-1989 to 2001-2004 in people aged ≥75 years living in central 
Stockholm (24).   

Another recently published study from Rotterdam reported a trend towards 
declining dementia incidence from 1990 to 2000, and fewer white matter 
lesions and a larger brain volume was found in the later cohort subgroup 
examined using Magnetic Resonance Imaging (MRI). However, the authors also 
report increased use of antilipemic and antithrombotic drugs, in line with our 
findings. (139).  

Two studies provide some support for increasing dementia rates. Kokmen et al 
found an increasing incidence of dementia among people aged ≥85 years 
between 1960 and 1982 in Minnesota (25), and Taylor et al. found an increasing 
age-adjusted prevalence of Alzheimer’s disease in a sample of Medicare 
beneficiaries from 1991 to 1999 (140).  



 

 

61 

By and large, previous findings do not support ours, but the disparity of time 
periods, place, assessment and diagnostic methods makes possible the 
consolidation of our findings with theirs. Also, few of the studies exclusively 
focus on the very old. 

Depression is a possible prodrome (62) or risk factor for (141, 142) dementia. In 
Paper 2 we report an increase in depressive disorder prevalence between 2000-
2002 and 2005-2007. This could mean that an increase in depressive disorder 
prevalence would result in a subsequent increase in dementia prevalence. 
However, dementia might also be an important risk factor for depression (143). 
An increase in one of the contributory factors the two have in common, such as 
silent cerebrovascular lesions, is also possible (43, 144). 

As presented above, the prevalences in the 2005-2007 cross-section are more in 
line with results from other studies. It could be that the dementia prevalence 
has historically been lower in the county of Västerbotten than in other regions, 
and the increase has brought the prevalence up to conformity. Cardiovascular 
diseases have historically been more common in the county and better survival 
after these, perhaps achieved earlier in other parts of Sweden, might have been 
brought to bear during the observation period.  

The proportion of very old people prescribed ß-blockers, calcium channel 
blockers, antilipemic agents and mean number of prescribed drugs increased 
between cross-sections indicating more extensive treatment of cardiovascular 
risk factors such as hypertension and hyperlipidemia. Further, in Paper 1 we 
report an increasing proportion of people who had had heart surgery in 2005-
2007 compared to 2000-2002. Peltonen et al. reported increased survival in 
Västerbotten after stroke between 1985 and 1994 in the MONICA 
(Multinational MONItoring of trends and determinants in CArdiovascular 
disease) study (8) and a similar trend has been reported among men for 
myocardial infarction (145). Possibly more aggressive treatment of risk factors 
and increased attention to coronary disease in the very old might contribute to 
increased survival among people with cardiovascular disease. Cardiovascular 
disease is a risk factor for dementia, and if more people survive with increasing 
levels of morbidity then more people will be at risk, as well as being at higher 
risk, of developing dementia. This could contribute to increased prevalences of 
both depressive disorders and dementia. 

Similarly, improved care for those with dementia would increase survival and 
therefore increase dementia prevalence, if incidence remains unchanged. The 
study by Qui et al. from Stockholm found an increased survival rate among 
people with dementia between 1987-1989 and 2001-2004 (but no increase in 
dementia prevalence)(24). The study from Rotterdam mentioned above (139) 
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also reported lower mortality rates in the later cohort, which could indicate 
longer survival among people with dementia.  

The last decade has seen greater awareness of dementia among physicians, as 
measured by the number of specialist referrals (146), and more research on 
dementia, as measured by the steep increase in the number of articles on the 
subject. The advent of drugs such as cholinesterase inhibitors targeting the 
symptoms of Alzheimer’s dementia could have been a contributing factor for 
this development (147). Cholinesterase inhibitors were indeed also used 
increasingly between 2000-2002 and 2005-2007, which could indicate more 
awareness of and interest in dementia among general practitioners, as well as 
greater familiarity with the drugs. A recent study by Nordström et al. reported 
that prescribed anticholinergic drugs are associated with a lower risk of 
myocardial infarction and death (148), which might contribute to the increased 
survival of people with dementia, resulting in an increased prevalence of the 
disorder. Further, greater awareness of the disorder among general 
practitioners could lead to more dementia diagnoses in the medical records. Our 
diagnoses are partly based on information from these records, possibly 
contributing to the increased prevalence of dementia seen in Paper 1. 

 

Depressive disorders 

Prevalences 

In the 2005-2007 cross-section one in three 85-year-olds and almost two out of 
five 90-year-olds and ≥95-year-olds had depressive disorders.  

There are two papers on the topic of depressive disorders included in this thesis: 
Papers 2 and 3. Both present depressive disorder prevalence rates, and as does 
Paper 4. The 2005-2007 prevalence in Paper 2 will be used for comparison with 
other studies. The prevalences presented in this cross-section are considerably 
higher than other reported prevalences from the studies presented in Table 0-2. 
(52-55). The study by Skoog et al. reports a prevalence of depressive disorders of 
22%, which is close to our findings. This is the only study of the five to use an 
"umbrella diagnosis" (major depression, dysthymia and depression Not 
Otherwise Specified) of depressive disorders, the other four assessed major 
depression, "suspected severe depression" or simply “depression” based on a 
GDS cutoff.  
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There are some possible reasons for the higher prevalences of depression in our 
studies. Our depression diagnosis includes major depressive disorder, 
dysthymic disorder, substance-induced mood disorder with depressive features, 
mood disorder with depressive features due to a general medical condition and 
minor depression. Many others report only the prevalence of major depression. 
The reason for this “umbrella diagnosis” is that it is difficult to differentiate 
depressive disorders in the very old. One advantage of choosing this approach is 
that fewer very old with clinically significant depressive symptoms will be 
missed, a limitation is that the broad definition of depression limits comparison 
with other studies using narrower criteria. 

The high participation rate compared to other studies (52) may also lead to the 
inclusion of more people with psychiatric comorbidities, especially in 
institutional care.  

When conducting epidemiological studies on depressive disorders in Sweden, 
midwinter insomnia and seasonal affective disorder should also be considered, 
as these disorders may lead to some degree of diagnostic overlap and influence 
the data, depending on the season when the study is undertaken (149). 
However, the rural part of the Umeå85+/GERDA material was mainly collected 
from May to October (the urban part was collected year-round), and midwinter 
insomnia and seasonal affective disorder are most prevalent in winter, which 
would result in lower depression prevalences. Moreover, the seasonal effect on 
mood among the elderly has been reported as being small (150), and, although 
insomnia prevalence increases with age (151), to the author’s knowledge 
midwinter insomnia has not been investigated among the very old, which makes 
their impact on prevalences uncertain. 

It is possible that there is a genetic component in the high rates of depressive 
disorders in this area. When investigating single nucleotide polymorphism not 
only does the population in northern Sweden differ genetically from the rest of 
the country, Västerbotten also differs from the rest of northern Sweden (152). 
However, to the knowledge of this author, there are no studies reporting a 
higher prevalence of depressive disorders in Västerbotten than other Swedish 
counties, which would have provided a potential link from genetics to disease 
prevalence. In fact, the suicide prevalence, which may reflect the prevalence of 
depressive disorders has in the county of Västerbotten during the 21st century 
been one of the lowest in Sweden (153). The low suicide rate could, however, 
also reflect the strong religious tradition in the county, or successful suicide 
prevention strategies from the healthcare.   
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Increasing prevalences  

The prevalence of depressive disorders increased from 2000-2002 to 2005-
2007 in the total sample. The mean GDS-15 score in the total sample did not 
increase correspondingly, but nor did the mean GDS-15 score among 
participants with depressive disorders change. Depressive disorders did not 
increase significantly in any of the three age groups, probably due to small 
sample size for the separate age groups. 

One international study of depression rates among adults (n=39000) spanning 
1974 to 1989 found an increase in cumulative lifetime rates of major depression 
in almost all cohorts (50), and a recently published paper on the morbidity 
levels in a representative sample of old people in Sweden reported worsening 
self-rated levels of psychiatric symptoms between 1992 and 2002 (154). 
However, others have not found any increase. The Stirling county study found 
that the prevalence of major depressive episodes remained around 5% over 
three measurements (1952, 1970 and 1992) (51), and Mattison et al. found 
decreasing incidence in the Lundby Study from 1947-1972 to 1972-1997 (49). 

Dementia is associated with depression. The proportion of participants with 
dementia who had depressive disorders did not change significantly between 
2000-2002 and 2005-2007, nor did the proportion of participants without 
dementia who had depressive disorders (Paper 2, results). This may indicate 
that the increasing prevalence of depressive disorders corresponds to the 
increase in dementia prevalence.  

Measuring depressive disorder rates over time using different studies is 
difficult. Even if the method used by the studies is similar, the diagnostic 
criteria may be updated, and over long time periods social paradigms 
concerning depressive disorders may shift, for example the stigma attached to 
mental illness may decline. Even if the same scale is used for depression 
assessment over time, the items in the scale may change their meaning for the 
participants. However, this is unlikely to have happened over five years in a 
sample of very old people. 

Depressive disorders in this thesis include not only major depression but also 
minor depression, dysthymia, substance-induced mood disorder with 
depressive features and mood disorder with depressive features due to a general 
medical condition. The method did not allow separation of these diagnoses and 
they could contribute unequally to the increase in total depressive disorder 
prevalence.  
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During the first urban cross-section, the methodology for depression 
assessment differed from the other cross-sections: the participants' GDS-15 
score determined whether they would be assessed with the MADRS. One of two 
specialists in geriatric medicine assessed individuals with a GDS-15 score of ≥5 
using the MADRS during a follow-up visit approximately two weeks after the 
first visit. In all the later assessments, irrespective of the participant’s GDS-15 
score, the assessor performed the MADRS during the initial visit if he or she was 
a physician or medical student trained to use the scale. The different procedure 
for assessment using the MADRS in the first urban sample coincides with the 
lowest subsample prevalence of depressive disorders, and is thus the largest 
contribution to the increase in prevalence of depressive disorders in Paper 2. A 
follow-up visit by a physician with the sole purpose of assessing depression 
including administering of the MADRS may have led to a higher rate of negative 
diagnoses in the first cross-section. Although the follow-up visit was only done 
on a subsample of the first urban cross-section, this methodological issue must 
be taken into account when evaluating the difference in depressive disorder 
prevalence between the two samples. 

Paper 1 reports an increase between 2000-2002 and 2005-2007 in the 
prescription of ß-blockers, calcium blockers, ACE inhibitors and antilipemic 
agents, all drugs that have depression as a possible side effect (155). This could 
contribute to increasing depression prevalences in the very old, who often have 
more than one of these drugs prescribed, although the extent of this effect is 
uncertain since evidence is limited (156).  

As might have been the case with the dementia diagnosis, there is a possibility 
that there was a change in documentation habits and procedures for depressive 
disorders in the medical records between the cross-sections. It is also possible 
that between cross-section periods general practitioners improved their 
awareness of depressive disorders among the very old, which might in turn have 
resulted in higher detection rates. 

 

Associated factors in univariate analysis 

In both studies on depressive disorders living in an institution, higher disability 
levels, more cognitive impairment, dementia and higher GDS-15 scores were 
associated with depressive disorders in univariate analysis. These results are not 
surprising and have been reported by others. That a higher GDS-15 score is 
associated with depressive disorders is a logical closed circle since the 
depressive disorder diagnoses in the present studies was partly based on the 
GDS-15, but also since the GDS was constructed to measure depressive 
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symptoms which naturally should correlate with depression.  

The associations listed above may all be bidirectional (except the GDS-15 score). 
For example, a history of depression (157) or current depression (142) 
reportedly increases the risk of developing dementia later on. This could be 
through the direct adverse effect of having depression, similarly to depressive 
symptoms increasing the risk of cardiovascular disease (158). Depression in old 
age also often adversely affects cognition directly through depressive symptoms 
such as apathy (159). In the reverse direction, since the pathological changes in 
the brain leading to dementia (or at least Alzheimer’s dementia) can appear 
decades before the disorder is manifested (160), it is difficult to rule out 
depressive symptoms as a prodrome of dementia. Depression as a reaction to an 
incipient reduction in cognitive capabilities has also been suggested (161).  

It is important to remember that both dementia and depression (and delirium) 
are disorders based on diagnostic criteria, and can have a multitude of causes, 
either singly or in combination. These may partly explain the observed 
associations between these conditions. 

 

Associated factors in multivariate analysis 

Decreasing blood pressure in people with previous hypertension has recently 
been reported to be associated with depressive symptoms (and therefore 
possibly depression) (162). Also in line with our findings, other studies have 
reported a univariate association between lower systolic pressure and 
depression among elderly people (163, 164). In Paper 3 a multivariate analysis 
was performed, where hypertension was independently associated with the 
development of depressive disorders. This association has also been reported 
earlier (165) but is not well-established. Here the opposite has also been 
reported, low blood pressure as a risk factor for depression (166). This could be 
due to increased antihypertensive treatment. If lower systolic pressure and 
depression were associated this change would be reflected in an increase in the 
prevalence of depressive disorders, as observed in Paper 2. The continuous 
blood pressure baseline variable was not associated with incident depression.  

A history of stroke was associated with developing depressive disorders. 
Although the association between a history of stroke and incident depression 
has been described earlier (167), very few studies have been made on lifetime 
depression risk in stroke survivors. Vascular brain lesions could be a common 
denominator. 
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A higher GDS-15 score at baseline was associated with incident depressive 
disorders at follow-up. It should be noted that since the analysis only included 
individuals without depression at baseline the GDS scores were generally low 
(mean 2.7). Earlier studies have likewise shown a strong association between 
depressive symptoms at baseline and the development of depression (38, 168-
170). The association is to be expected. It could be due to those developing 
depressive disorders having depressive prodromal symptoms, or people 
misdiagnosed as not having depression then being diagnosed correctly at 
follow-up. It could also be that the mild depressive symptoms exhibited by these 
people are a discrete state, analogous to mild cognitive impairment for 
dementia.  

 

Delirium 

Prevalences 

The prevalence of delirium was one in six among participants aged 85 years, one 
in five among participants aged 90 years and two in five among participants 
aged ≥95 years. Adjusting for the sampling method, this would correspond to a 
prevalence of delirium of one in five among people aged 85 years or older. Total 
prevalence in Paper 4 cannot be directly compared to any other studies, since 
the few studies available differ in methodology and sample characteristics. 

 

Other studies 

To my knowledge, there are no studies directly comparable to paper 4. Andrew 
et al. reported a delirium point-prevalence to ≤0.5% in a Canadian study on 
people aged ≥65 years without dementia (n=1793) (79). Our thirty-day 
prevalence among people without dementia (n=409) was 5%; hence the findings 
in Paper 4 seem to be in line with these findings. Rahkonen et al. reported 
delirium incidence in a Finnish study on people aged ≥85 years (n=199) without 
dementia as 10% over three years. A comparison of an incidence study with a 
prevalence study is impossible for a disorder such as delirium where mean 
duration is uncertain. 

 Another subgroup available for comparison is the elderly living in institutions. 
Boorsma et al. reported a delirium point-prevalence of 8% among people 
(n=2193) living in institutions in the Netherlands (171) and, in a Canadian 
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study, McCusker et al. reported a delirium point-prevalence of 7% among 
people living in institutions aged ≥65 years (n=279) (172). Sandberg et al. 
reported a one-week delirium prevalence of 47% among people aged ≥75 years 
living in institutions (n = 398) (87). Our thirty-day delirium prevalence among 
participants living in institutions was 49%. Apart from the difference in 
assessment periods, these three studies had lower mean ages than Paper 4, 
possibly indicating lower levels of comorbidity and higher levels of functionality. 
Level of disability and morbidity required for placement in institutional living as 
well as the actual definition of the term may also vary across the studies. When 
comparing dementia prevalence among those living in institutions, the Boorsma 
study found a considerably lower dementia prevalence (34%) than that reported 
in Paper 1 (72%) while the other two studies had only slightly lower prevalences 
(66%). 

 

Delirium in stroke, dementia and in old people with 
depression 

Delirium is common after stroke and in people with dementia and/or 
depression. Delirium precipitated by stroke is well described (173, 174), and 
dementia is a strong predisposing factor for delirium, as well as being reported 
as a potential outcome of having delirium (175, 176). Depressive symptoms have 
been reported to predict delirium (177).  

Depressive disorders were common among those with delirium (with and 
without dementia) in this sample (although a potential confounder is 
psychotropic medication and opioids, common in persons with depression, 
which sometimes have anticholinergic properties increasing susceptibility to 
delirium). Depressive symptoms are a reported risk factor for the development 
of delirium among elderly people (177, 178). 

In Paper 4, thirty-day delirium prevalence among people with dementia was 
52% and 5% among those without dementia. Dementia is known to multiply 
delirium risk (179), and delirium is reported to increase risk of subsequent 
dementia development (91). Since the two conditions are closely associated and 
dementia prevalences were high in the Umeå85+/GERDA study, this will also 
affect delirium prevalence.  

Since those living at home have a more independent lifestyle less information 
from sources other than the participants themselves was available than is the 
case with individuals living in a residential care facilities, increasing the risk of 
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recall or response bias. Thus, delirium prevalence among people living 
independently may actually be higher than is reported in Paper 4.  

 

The 3Ds  

In clinical practice dementia, depression and delirium often coexist, and they 
may be difficult to distinguish from each other. In clinical practice and theory, 
the three disorders are sometimes referred to as “the 3D’s” and educational 
materials often focus on how to differentiate between them in a clinical setting 
(17, 180). This makes sense from a clinical perspective. Since they are so 
common, a health professional working with geriatric patients will frequently 
come into contact with the disorders, making knowledge of symptoms and signs 
valuable, since misdiagnosis might lead to incorrect treatment, or no treatment 
when treatment is necessary.  

 

Interlinked pathogenesis  

In Paper 3, diagnosis of hypertension and a history of stroke were associated 
with the development of depression over five years, although both  those who 
had and those who had not developed depression at follow-up had similar 
systolic pressure at baseline. A univariate association between hypertension and 
depression has been reported by others (181), and studies have shown that 
depression is highly prevalent after stroke besides being associated with the 
presence of stroke risk factors (61, 109). Earlier hypertension has been 
suggested as a strong risk factor for dementia (182, 183), and decreasing blood 
pressure in persons who formerly had hypertension has been reported to be 
associated with incident depression (162). In addition to this, hypertension is 
also a risk factor for later development of ischemic white matter 
hyperintensities (WMHs)(184). WMHs are radiological correlates of depression 
and dementia which can be seen on MRI examination of the brain as unspecific 
areas of increased T2 and FLuid Attenuated Inversion Recovery (FLAIR) signal 
intensity in the subcortical white matter. Due to the association with 
cardiovascular risk factors and cerebrovascular ischemia, it has been proposed 
that the WMHs represent brain lesions of vascular origin (43, 185). The extent 
of WMHs correlates with increasing age (186), delirium (187), geriatric 
depression (60, 188) and dementia (144). Older people with late-onset 
depression will, to a greater degree, have MRI hyperintensities representing 
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possible cerebrovascular disease than controls or persons with early-onset 
depression (189).  

The vascular depression hypothesis posits that cerebrovascular disease may 
predispose, precipitate or perpetuate some geriatric depressive syndromes (43).  

In Paper 3 78% of surviving participants with depressive disorders at baseline 
still had depressive disorders at follow-up. If depressive disorders in the very 
old are largely caused by a progressive vascular brain disease, this could partly 
explain the chronic course of depression in this age group. WMHs in depression 
and concomitant dementia, at least of the Alzheimer type, may reduce the effect 
of antidepressant treatment (74, 190). These states are indicative of structural 
brain damage and possibly reduced brain perfusion against which 
antidepressants are ineffective (43). In the very old, high levels of comorbidity, 
malnutrition or insufficient follow-up and adjustment of treatment may be 
other causes, as well as lack of social support.  

The relation between depression, dementia and blood pressure in the very old 
seems to be complex, and needs to be further investigated. In Paper 3, baseline 
depressive disorders were significantly associated with a lower measured 
systolic blood pressure. Lower systolic pressure could give lower cerebral 
perfusion, leading to vascular brain lesions leading to vascular depression. In 
Papers 1 and 2 there was a trend towards decreasing blood pressure between 
cross-sections. Other studies have linked lower MMSE score (191, 192) and 
Alzheimer’s disease (193) to low systolic blood pressure, and reported low 
systolic blood pressure as a risk factor for dementia (194). Molander reported 
that, in association with an increased prescription of antihypertensive drugs, 
systolic blood pressure had declined over time in the elderly (195), which would 
support the increase in dementia and depressive disorders.  

In the present thesis it was found that the treatment with antihypertensives had 
almost doubled in the very old. If the lowering of blood pressure in this age 
group can contribute to an increasing incidence of depressive disorders and 
dementia this needs to be evaluated in randomized treatment studies as well as 
studies of the discontinuation of antihypertensive treatment.  

In Paper 3, despite being a risk factor for the development of depressive 
disorders over five years, hypertension was not associated with depressive 
disorders at baseline. This could be due to low systolic blood pressure acting as 
a confounder. In longitudinal analysis baseline hypertension was associated 
with the development of depressive disorders after five years, possibly since low 
blood pressure was associated with increased mortality.  In the same vein, a 
history of stroke was not associated with baseline depressive disorders. If 
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hypertension and stroke are associated, and low blood pressure is associated 
with increased mortality, then the situation might be that there is selective 
attrition of “non-vascular depressions” (those not associated with hypertension 
and history of stroke), leaving mostly those with depressive disorders associated 
with stroke and hypertension alive at follow-up.  

 

The Hypothalamic-Pituitary-Adrenal axis in dementia, 
depression and delirium 

There is dysregulation of the HPA axis in all three disorders, suggesting an 
interlinked pathogenesis. People with depression show, more often than 
normal, chronic HPA axis hyperactivity coupled with an inability for this system 
to return to normal functioning following a stressor (196, 197). HPA axis 
hyperactivity may lead to abnormally elevated levels of serum glucocorticoids, 
and high cortisol levels also increase the hippocampus’s vulnerability to global 
ischemia more easily leading to neuronal death (198), suggesting depression as 
a risk factor for dementia. Hippocampal changes are also seen in almost all AD 
patients as well as in many persons with vascular dementia (161), possibly 
linking these disorders to depression. Hypercortisolism is also associated with 
delirium (199). One possible mechanism is via inflammation. Even if cortisol is 
an anti-inflammatory steroid, under special circumstances, such as prolonged 
stress, cortisol increases inflammation (200), leading to neurodegeneration and 
increased susceptibility to delirium.  

Studies report that chronic inflammation has a central role in all three disorders 
(201, 202). Higher serum levels of inflammatory markers have been shown to 
be associated with both an increased incidence of delirium and accelerated 
cognitive decline (203), and the systemic inflammation as seen in depression 
(204) has been shown to cause neurodegeneration (205), increasing 
susceptibility to delirium. Acute inflammation as seen in systemic infection is a 
well-described trigger of delirium (206), especially among those with dementia. 
Cholinesterase inhibitors have been reported to decrease inflammation (207) 
and could, therefore, inhibit neurodegeneration, which is a possible pathway to 
the reduction of dementia symptoms, apart from cholinergic augmentation. In 
short, inflammation may be another part of the interlinked pathogenesis of the 
three disorders.  

Obstructive Sleep Apnea Syndrome (OSAS) is a medical disorder reportedly 
associated with delirium (208), depression (209) (210) and dementia (211). 
Since OSAS may be treated this disorder should be considered in persons with 
dementia, depression or delirium.  
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Methodological considerations 

The Umeå85+/GERDA study is one of the largest population-based studies on 
the very old in Europe, and includes participants living independently and in 
institutions from both rural and urban areas in the investigated geographical 
area, which stretches over two countries. There were high participation rates; in 
the 2000-2002 cross-section, the participation rate was 80% and in the 2005-
2007 cross-section the corresponding figure was 76%. Most participants were 
investigated in person, in their homes, and since independent investigators and 
not caring staff made the assessments assessors were not distracted by other 
worktasks and every effort was made to collect complete data. However, the 
Umeå85+/GERDA study was designed to investigate, among other things, 
prevalences of a large number of different diseases and disorders. This means 
that it was not designed with only dementia, depression and delirium in focus. 
This led to some limitations, such as no follow-up assessments, which might 
have further increased diagnostic accuracy.  

The Swedish National Tax Board lists and the Finnish Population Register lists 
are very accurate allowing all eligible participants to be easily identified, 
approached and asked for their consent to participate. The study encompasses a 
broad sample drawn from the population, and comprises individuals both living 
independently and in institutions, thus forming representative samples of 85-, 
90- and ≥95-year-olds, respectively. However, in order to form three age group 
of approximately equal size, the selection process included half of those aged 85 
years, all individuals aged 90 years, and everyone aged ≥95 years, meaning that 
the 90-year-olds and participants aged ≥95 years are overrepresented compared 
to their proportion in the population aged ≥85 years. When considering total 
prevalences across all age groups, any variables positively correlating with age 
will be higher than the true value and the reverse is true for any variables 
negatively correlating with age. This sampling method should be kept in mind 
when making comparisons with studies including all individuals aged ≥85 
years. However, each age group is representative of the corresponding age 
group in the underlying population, and although the sampling method, with 
three like-sized age groups and the advanced age of the sample, limits the 
number of studies available for comparison it also facilitates direct comparison 
with other studies that include samples of 85-, 90- or ≥95-year-olds. 

Although different assessors collected the information upon which diagnoses 
were based, in both countries the same experienced researcher and geriatrician 
judged whether the data collected was sufficient to decide if the participants 
fulfilled the DSM-IV criteria for delirium, depressive disorders or dementia. 
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The diagnoses were established on the basis of all available data, including 
applicable assessment scales, medical records and information from 
carers/relatives, according to the same criteria for all participants, in all 
samples. This approach, compared to scale cutoff diagnoses or other methods 
may have both advantages and disadvantages. One advantage of a less rigid 
method may be that incorrectly diagnosing depression in the presence of 
depressive symptoms due to recent negative life events can be avoided. One 
possible limitation would be diagnostic shift over time.  

Depression, delirium and dementia can be difficult both to diagnose and to 
distinguish from one another among the elderly, because of a large overlap in 
diagnoses, comorbidity and similar symptomatology. Establishing a diagnosis in 
a psychiatric epidemiological study can be done in various ways. A scale cut-off 
can be used with values above a certain level indicating a case (as can be done 
with the GDS-15) or a diagnostic system can be applied to either a single scale 
(as with the CAM when assessing delirium (126)) or to a more extensive 
assessment. In the present studies the DSM-IV criteria for the mental disorders 
studied were applied to all the information collected through direct assessment 
and data gathering from carers and medical records. The strengths of this 
approach might include a higher sensitivity, dissimulation could be made more 
difficult than with an assessment scale, limitations could include limited 
reproducibility since different information sources were available for different 
participants and since establishing diagnoses “manually” is unlikely to be done 
in the exactly the same fashion by different physicians. 

The Diagnostic and Statistical Manual published by the American Psychiatric 
Association attempts to provide a common language and standard criteria for 
the classification of mental disorders. The diagnostic criteria for each disorder 
are offered as guidelines for establishing diagnoses in a clinical setting. The 
DSM-IV, despite its flaws, represents a great effort to facilitate cross-national, 
cross-cultural and cross-paradigm research.  

In Paper 2, the large difference between the two cross-sections in the number of 
individuals available to assess for depressive disorders may also be due to the 
fact that, with the gradual advent of computerized medical records there was 
more available data for more individuals. In particular, the data collected in the 
first urban sample sometimes lacked medical records from general practices, as 
these were not yet digitalized. This is a potential source of error in Paper 2 and 
may also in part contribute to the lower proportion of depressive disorders in 
the first urban sample. However, the mean GDS-15 score of individuals with a 
depressive disorder diagnosis did not differ between the cross-sections, which 
would have been an indicator of diagnostic shift. In addition, such increased 
awareness should lead to better care, possibly leading to increased survival 
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among persons with dementia or depressive disorders, and through this higher 
prevalences. Further, regarding dementia, the decrease in mean MMSE scores 
supports a true increase in prevalence. The proportion of depressed persons 
treated with antidepressants did not increase significantly either, which would 
have indicated increased attention to depressive disorders in the very old. 

Another possible limitation is the clinical diagnosis, which might be less 
accurate than a comprehensive dementia examination including brain imaging, 
or in the case of depressive disorders, repeated assessments by a suitable 
specialist physician. However, during the first urban cross-section some 
participants with cognitive impairment were referred for a complete dementia 
assessment and in no case did this change the diagnoses.  

The cross-sectional design of Papers 1, 2 and 4 prevents the drawing of 
conclusions about cause and effect. It is also not known how many of those who 
declined to participate did so because of dementia or depressive disorders, and 
thus if our sample differs from the population. It could be speculated that 
individuals who declined participation may have had depressive disorders or 
dementia to a greater extent than participants, leading to an underestimation of 
the prevalence of these disorders. 

One limitation of Paper 3 is that only 40 individuals, of the original baseline 
sample without depression (n=384), were diagnosed with depressive disorders 
at follow-up, which is a small sample to analyse using multivariate logistic 
regressions. The attrition rate is unfortunate but not surprising due to the high 
mortality in this age group and probably since being at risk of incident 
depression also means being at increased risk of death. Since only current 
depressive disorders were measured at follow-up and since depressive disorders 
may in some cases have short durations, the lengthy time-span between 
baseline and follow-up could result in depressive disorders present between 
baseline and follow-up going into remission, and thus not being registered at 
follow-up. 

The first and second urban and the first rural sample have been investigated by 
Bergdahl et al. in a series of studies. One of these studies investigating the 
prevalence of depression, factors associated with depression as well as the 
impact of depression on well-being and mortality on a partly overlapping 
sample of the Umeå85+/GERDA database sample, reported data on the 
prevalence of depression in the 2000-2002 sample (212). Since the aim of Paper 
2 was to investigate change in depression prevalence over time, these data were 
reported again here. 
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Clinical and social implications 

During recent decades, an increasing proportion of the population have 
survived to reach a higher age, at least in part because of better treatment of 
cardiovascular risk factors such as hypertension, hyperlipidemia, and diabetes. 
Reduced mortality from cardiovascular disease, such as myocardial infarction 
and stroke, has been reported, (2, 27) as well as increased survival after stroke, 
probably due to improved secondary prevention and rehabilitation (27). 
Furthermore, coronary surgery, such as coronary artery bypass graft (CABG), 
has also been made available to older people, which applied particularly to the 
85-year-olds in Paper 1. This might indicate that a larger proportion of people 
with cardiovascular risk factors survive to reach a greater age and are, therefore, 
exposed to a higher risk of developing dementia or depressive disorders, leading 
to an increased incidence of these disorders. These changes could at least 
partially explain the increasing proportion of individuals with dementia and 
depressive disorders in this thesis. Another possible explanation could be that 
people with dementia or depressive disorders, perhaps due to better care and 
drug treatment, survive longer with their dementia or depressive disorders. In 
the Umeå85+/GERDA material, a larger proportion of participants with 
dementia were treated with cholinesterase inhibitors in the groups from 2005-
2007, indicating a more active treatment approach, and possibly increased 
survival among persons with dementia. The increase in depressive disorder 
prevalence may partly be driven by the increase in dementia.  

We have not found any support for the compression of morbidity and disability 
hypothesis described in the introduction. The increases in the prevalences of 
dementia and depressive disorders were controlled for age.  

The finding that a large proportion of participants had dementia or depressive 
disorders or had had delirium recently raises the question of how many of these 
cases could have been detected by optimal screening. Although it is unknown 
due to practical limitations how many of our cases that were registered in 
medical records, one indication could be the low treatment rates of depressive 
disorders. The suspected difference in detection between the present studies 
and clinical practice may also arise because of different diagnostic criteria: 
dysthymic disorder and minor depression are perhaps not diagnosed very 
extensively in geriatric clinical practice, or by general practitioners.  

Papers 1 and 2 seem to be among the first to report a significantly increasing 
age-specific prevalence of dementia and depressive disorders among very old 
people. The high prevalence of delirium found in the population may also be a 
reason for action.  
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Since both the number and proportion of very old is increasing, the number of 
very old individuals suffering from these disorders will probably increase even 
further in the future. A possible age-specific increase in dementia would further 
increase the prevalence of delirium and depression. This represents a challenge 
to the clinician, since identifying and treating depression among the very old is 
difficult (213, 214), due among other things to the heterogeneity of symptoms 
and high levels of comorbidity. Regarding risk factors for depressive disorders, 
those with mild depressive symptoms as indicated by only a few points on the 
GDS-15 scale should be the focus of watchful waiting, since this could ultimately 
lead to depression.  

 

Implications for future research 

An increased prevalence of a disorder can be due either to increased survival 
with the disorder or increased incidence. In order to know why the prevalence 
of dementia and depressive disorders increased between 2000-2002 and 2005-
2007 further longitudinal studies are needed. 

Further, the increasing prevalences may be simply a chance finding which 
would not be confirmed if prevalence was investigated over a longer time. New 
studies on the Umeå85+/GERDA material including later cross-sections could 
address this. 

Paper 3 is one of the largest population-based longitudinal studies of depressive 
disorders in the very old. However, few of the participants were still alive after 
five years, resulting in a small study sample. Larger study samples are needed, 
to investigate risk factors for depression in this age group. Since there are some 
etiological differences between depression in the very old and in younger ages, 
and since some studies indicate that the condition shows a poor response to 
treatment among the very old (37, 39, 69), the efficacy of antidepressant 
treatment in the very old should be further investigated. Also, though we do not 
have data on this, the general impression was that virtually none of the 
participants with depression were receiving psychotherapy. Since there is little 
information available on the effect of psychotherapy in the oldest old, as with 
antidepressants, randomized controlled trials should be initiated in order to 
determine whether psychotherapy is effective in this age group. Whether 
primary and secondary prevention of cerebrovascular disease could prevent 
depression from developing should also be investigated. However, the 
relationship between blood pressure and depression in the very old is too 
complex to suggest a more extensive anti-hypertensive treatment, especially 
since those who died before the follow-up were more likely to have low blood 
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pressure. This needs to be further investigated before any treatment 
recommendations can be made. 

The thesis identifies several important factors associated with dementia, 
depressive disorders and delirium which could possibly be targets for 
prevention or treatment. In the case of univariate analysis associations, 
longitudinal studies could be of use in determining causality. In the case of 
longitudinal associations randomized intervention studies are needed. 

 

Conclusions 

We found that depressive disorders, dementia and delirium are common and 
often coexist among very old people. As indicated by the age-specific prevalence 
increases found in this thesis, dementia and depressive disorders may be an 
increasing problem among the very old, even regardless of population aging. 
Important baseline risk factors or predictors for development of depressive 
disorders over five years are hypertension, a history of stroke and higher GDS-
15 score. When the 2010-2012 data collection is ready for analysis it will be 
interesting to see the prevalence levels from this data. Higher identification 
rates of these three disorders would be beneficial, but effective treatment of 
depression and dementia in old age is still out of reach. Investigating and 
minimizing risk factors may be the only way to lower prevalences in the 
foreseeable future.  
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